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The interest in bicyclo[3.3.l]nonane (!) and its heterocyclic 
analogs ~ arises from both theoretical and biological points of view. 
The basic structure is unique in that it can exist in either a chair-
chair (1-CC), chair-boat (1-CB), or boat-boat (1-BB) conformation. 
·~ ~ I'VVVY'\I\ 
With various substituents, any of these conformations can be 
. 42 43 
obtalned. ' Certain heterocyclic systems 2 where X = Y = N are 
~ X,Y=CH 2 ,N,S,O 
X y 
1 2 
( ) ( ) 
lCC lCB lBB 
"""""" 
biologically important possibly due to a structural similarity to the 




3b HC10 4 salt 
Initially, the discussion will focus on the synthesis of some of 
the various bicyclo[3.3.l]nonanes and heterocyclic analogs followed 
by a survey of the conformational studies performed and the biological 
aspects of selected compounds. The syntheses of the carbocyclic 
h b . d 1 . 15,41,66 h h systems ave een revlewe severa tlmes wit t e most recent 
41 
being by Peters. A variety of starting materials such as cyclohexane 
and cyclooctane derivatives can be employed in the syntheses of bicy-
clo[3.3.l]nonanes. Commercially available bicyclo[3.3.l]nonanes and 
other bicyclic systems have also been used as starting materials. 41 
Numerous examples starting from cyclohexane derivatives have been 
reported. The reactions illustrated are representative methods and 
generally proceed in fair to good yields. 41 
Q 
0 
g + (89%)1+ 1 
AcOH/Ac20 







Syntheses beginning from cyclooctane derivatives involve the 
bridging of the ring in a 1,5-orientation with a single carbon. Com-
3 
pounds commonly used are cyclooctadienes, cyclooctatetraene, or cycle-
octanes which have good leaving groups in the 1,5-positions. Examples 
of syntheses starting from each of the above types of starting materials 
13 41 







0 1) Fe(C0) 3 (62%) 3 2) co 
00+ (N (38%)61 CN 
0 
0 
0 Ni(COh (60%)13 HCl 50-60° 
Adamantane derivatives can undergo ring cleavage reactions to 
. 15 66 give blcyclo[3.3.1Jnonanes. ' In some cases, the cleavage can 
be used to achieve stereoselectivity with one isomer favored over 
another. This has generally involved the placement of substituents 
in equatorial or axial arrangements at the 3,7-positions. These 
positions are generally referred to as a and 8 in 5. Syntheses of 
analogs of ?' where substituents are exclusively in the a positions, 
41 42 43 
have been reported, ' ' and the conformational consequences have 
4 





Syntheses and conformational analyses of heterobicyclo[3.3.1]-
nonanes have recently been reviewed by Jeyaraman and co-workers. 28 
The 3-aza- and 3-aza-7-hetero-bicyclo[3.3.l]nonanes can be prepared 
easily by way of the Mannich reaction. The first report in the 
literature was by Mannich and co-workers in 1930. 36 Piperidone 6 










The general method found in the literature to prepare the 3- or 
7-aza systems involved the reaction of a cyclic ketone8awith an 










X X N 
"'-R' "R' Sa 9 10 
Mt\ ...... """" 
16 
Douglas and co-workers were the first to synthesize 2 (X = N-CH3 and 
R' = CH3) by this method in moderate yields. This reaction was later 
56 
studied by Smissman and co-workers who found that the formation of 
10 was competitive with the formation of 9. There are a large number 
of 3-aza- and 3,7-diazabicyclo[3.3.l]nonanes that have been obtained 
by this method in the literature and which differ only in the identity 
50 51 
of the R group. ' 
The use of substituted ketones and aldehydes, other than formalde-
hyde, has led to ring substituted products. Aromatic aldehydes undergo 
condensation with ammonium acetate and cyclohexanone to give 2,4-
diaryl-3-azabicyclo[3.3.l]nonan-9-one 11. 28 Ketones examined other 
0 
0 
6 2 ArCHO 





than cyclohexanone, include cis-2,6-diphenyl-4~piperidone, 10 
cis-2,6-diphenyltetrahydrothiopyran-4-one, 10 cis-2,6-diphenyltetra-
hydrothiopyran-4-one,10, cis-2,6-diphenylcyclohexanone, 11 
cis-2,6-diphenyltetrahydropyran-4-one, 5 tetrahydrothiopyran-4-one, 7 
30 
and tetrahydropyran-4-one. 
The conformations of bicyclo[3.3.l]nonane (1) and its derivatives 
have been studied by a number of methods such as X-ray diffraction, 
1 13 
dipole moment measurements, IR, H DNMR and C DNMR spectros-
28,41,19,53,68 1 3 3 1 (1) copy. Bicyc o[ •. ]nonane _ can exist in three 
conformations, namely a 1-CC, 1-CB, or 1-BB as cited previously. 
~\.\A...,. .................. "VVNNI\\Vtt\ 
In each of the conformations, there are non-bonded interactions that 
( ) ( ) 
1-CB 1-BB 
.'VI/VVW 
produce internal strain. The chair-chair (~) conformer exhibits 
a repulsive interaction between the two endo hydrogens on C(3) and 
7 
C(7) as illustrated (l:ff). This repulsion has the effect of in-
creasing the distance between C(3) and C(7) with concommitant ring 
flattening. Consequently, these terminal carbons are closer to the 
transition state for conversion of either ring to a boat conformation. 
The chair-boat conformer ~ has a repulsive interaction between 
H(3) and H(9) which destabilizes the boat ring. There is also an 
eclipsing of hydrogens in the boat ring of the molecule. Conformer 
!=ff minimizes eclipsing while ~ has interaction between He and Hb 





result of these interactions is the significant lowering of the energy 
barrier for the 1-CC ~ 1-CB which is estimated to be 2.7-3.7 kcal/mole 
in comparison to the 5-6 kcal/moles associated with the chair ~ boat 
37 66 68 1 
interconversion of cyclohexane. ' ' In solution, H NMR analysis 
12 . d" h h h . h . f . 1 cc d . 62 of ~ 1n 1cates t at t e c a1r-c a1r con ormat1on - pre om1nates 
as two flattened chairs. 
Substitution of the ring at the endo 3,7-positions with large 
groups can introduce steric factors which require the molecule to be 
in a conformation other than a chair-chair. This is illustrated by 
the diester 1J which has been shown to exist as two rapidly intercon-





is not unexpected since a chair-chair conformation would require the 
ester functions to occupy nearly the same space. When the substituents 
are sufficiently large, there is the added steric factor of a 1,3-
diaxial interaction between the 3- or 7-endo substituents and the 
opposite ring as in 14. The result can be that the only possible 
conformer is the boat-boat (BB) form as is the case with 15. 43 The 
14 
"""' ' 15 
""" 
boat-boat conformation has the maximum amount of eclipsing of ring 
hydrogens. This can be relieved by a twisting of the molecule which 
in turn results in interaction between H(2) and H(6) or H(4) and 
H(8).43 
The presence of heteroatoms in the 3,7-positions can introduce 
several additional factors which can influence the conformation of the 
two rings. These include (1) hydrogen bonding, (2) lone pair 
interactions, or (3) ring distortion due to long C-X bonds. The 
natural-occurring alkaloid, sparteine (~), has been shown by careful 
IR analysis and labeling studies to have a chair-boat conformation 
3a 3b 16 
NV\ fVV'o NV' 
for the central two rings. 63 This was evident from the presence of 
Bohlmann bands in the C-H stretching region. Bohlmann bands are due 
to the interaction of the p-electrons of nitrogen with the antico-
planar C-H bonds in the piperidine ring23 as illustrated in 16. In 
contrast, the monoperchlorate salt 3b has a chair-chair conformation 
about the central rings. The change of conformation in the conversion 
of ~ to 3b has been attributed to hydrogen bonding between the 
hydrogen of protonation and the two nitrogens in 3b thereby holding 
h . . h . 55 eac rlng ln a c alr. 
Different stereochemical forms have been isolated in the solid 
10 
state for 2,4-diaryl-3-azabicyclo[3.3.l]nonan-9-ones. When the diphenyl 
ketonelwas recrystallized from a nonpolar solvent, conformer 17 was 
obtained. If a polar solvent was used, the configuration about nitro-





19a HCl salt 
b HI salt -
The conformations of salts of 3-methyl-3-azabicyclo[3.3.l]nonane 
19a,b have been found to depend upon the counter ion present as evi-
d d . lH NMR 1 . 34 ence v1.a r ana ys1.s. The salt 19a was found to exist in an 
equilibrium mixture involving a chair-chair~ chair-boat (5:1). The 
hydroiodide 19b on the other hand was shown to exist exclusively in 
a chair-boat conformation. 
13c NMR spectroscopy has been a useful tool for conformational 
1 . 18,32,44,49,65 d k 44 b 1 d h 13 ana ys1.s. Peters an co-wor ers ta u ate t e C 
chemical shifts for a number of 3- and 7-substituted bicyclo[3.3.1]-
nonanes 20a and the corresponding 9-keto compounds ~· After 
correcting for substituent effects, it ~vas found that the chemical 
20a X=CHz ,.,.,_ 
20b X=CO 
"""""' 
shifts for corresponding carbons within a series of specific confor-
mations were in close agreement (Table I, 11). 44 
Dynamic 13c NMR experiments carried out on 2159 revealed that 
near -60°C the carbon singlet for the CH2 divided into two peaks of 









AVERAGE 13c CHEMICAL SHIFTS OF BICYCL0[3.3.1JNONANES 20a44 
13c Chemical Shift (ppm) 
Conformation 
C(l,5) C(2,4) C(3) C(6,8) C(7) C(9) 
chair-chair 28.1 31.5 27.3 31.5 22.3 34.4 
chair-boat A 25.9 26.7 19.0 33.3 16.4 28.6 
boat-boat 26.3 31.4 20.7 31.4 20.7 23.7 
AC(2,4) and C(3) are assigned to the boat portion. 
TABLE II 
AVERAGE 13c CHEMICAL SHIFTS OF BICYCL0[3.3.l]NONAN-9-0NES 20b44 
13c Chemical Shift (ppm) 
Conformation 
C(l,5) C(2,4) C(3) C(6,8) C(7) C(9) 
chair-chair 46.0 34.2 21.0 34.2 21.0 221.4 
chair-boatA 44.0 29.9 20.6 34.7 15.7 220.6 
boat-boat 43.3 33.5 21.6 33.5 21.6 224.7 
AC(2,4) and C(3) are assigned to the boat portion. 
~ 0 
exchange system with a 8G of 9.7 kcal/mole at -63 C. The observation 
that the C(l,5) signal remained a sharp singlet throughout the experi-
ment implied the "freezing out" of components of a rapid CB ~ BC 
equilibrium. 
13 
A large amount of C }ll{R spectral data has been tabulated for a 
series of 2,4-diaryl-3,7-diheterobicyclo[3.3.l]nonanes 22, and 2,4-
diaryl-3-azabicyclo[3.3.l]nonanes 23, and derivatives. 29 It was found 
22 X=S Y=NH,NCH3 
""" A,B= =0 
A=H,OH;B=OH,H 
X y 
23 X=CH2 Y=NH,NCH3 ........... . 
A,B= =0 
A=H,OH;B=OH,H 
that the configuration at C(9) could be determined easily from the 13c 
NMR spectra. It was observed that the S fH2 's ·in the ring in which 
the OH was axial experienced a shielding effect of about 7.5 ppm. 
Single'crystal X-ray diffraction studies of several bicyclo-
[3.3.l]nonane derivatives have been performed. 2 • 17 •27 •46 •47 The 
results of the studies revealed a variety of conformations. The 
2,4,6,8-tetraaryl-3,7-dimethyl-3,7-diazabicyclo[3.3.1]nonan-9-ones 
24 were found to be in chair-boat conformations with all of the aryl 
groups in equatorial or pseudo equatorial positions. Interestingly 
it was proven possible to lock groups in a 1,3-diaxial arrangement. 
For example, 1,3-diazaadamantane ~. which contains two phenyl groups 
in an unfavorable 1,3-diaxial arrangement, has been prepared by 
47 












The X-ray analysis of 3-thia-7-aza-6,8-diphenylbicyclo[3.3.1]-
nonan-9-ol (27) revealed the piperidine ring to be in a boat confor-
"""" 
mation while the thiane ring was in a chair form. 17 In contrast, 
the 6,8-bis(2-chlorophenyl)-3-oxa-7-azabicyclo[3.3.l]nonan-9-one 
(28) 2 and 6, 8-diphenyl-2 ,4-bis (4~chlorophenyl)--3-azabicyclo [ 3. 3 .1]-
nonan-9-one (29) 47 were found to have the piperidone rings in chair 
conformations. The oxygen containing ring of 28 was also found to be 
in a chair form while in 29 the cyclohexanone ring was in a boat 
conformation. It should be pointed out that all of these materials 
22-29 were prepared by synthetic routes which involved a Mannich type 





27 ,.,.,. 29 rvvo 
ketone. This has, in all reported cases using 4-thia or 4-aza ketones, 
led to a nitrogen-containing ring \vhich was in a boat conforma-
t . 39,40,41,42 ~on. 
The potential antiarrhythmic and analgesic properties of various 
bicyclo[3.3.l]nonane derivatives have been known for some time. 28 
The activity is dependent upon the substituents which are present in 
the molecule. For example, 30 was found to be more than 400 times 
39 as active as 31 in terms of analgesic potency. In comparison to 








However, the acute toxicity (LD50 ) is about 6.5 times that of morphine 
hydrochloride. Nevertheless, the high degree of activity gives 30 a 
therapeutic index (LD50 /ED50 ) of about 67,000 which is much better 
39 than that of morphine hydrochloride (Ln50 /En50 = 112.0). The 3,7-
diazabicyclo[3.3.l]nonanes ~ (R = H, CH3, and coc2H5) have been found 
to be void of analgesic activity. 51 At high concentrations, 32 dis-
played only convulsant action. 57 
The antiarrhythmic activity of a number of 3,7-diazabicyclo-
[3.3.l]nonanes 33 have been determined.lS,SO,Sl • In general, when R 
16 
and R' were alkyl groups, the toxicity of 33 was too high (Table III). 50 
The therapeutic indices (LD50/En50) ranged from 0.87-1.46 depending 
upon Rand R'. 50 vJhen an acyl group was attached to nitrogen as in 
34, the toxicity was reduced. Several of the amides have therapeutic 
indices (LD50/En50) in the 4.0-10.0 range which are comparable to the 
value found for the antiarrhythmic drug, disopyramide (LD50/ED50 = 
5.77). 51 The En50 and LD50 values for several materials are shown in 
Table IV. 
Heart Disease 
Heart disease will result in the death of over three quarters of 
a million Americans this year. This makes heart diseases the leading 
cause of death in the u.s. 52 
Heart disease is actually a wide assortment of disorders. ·The 
f d . d . h 1 . 52 most common cause o many coronary 1sor ers 1s at erose eros1s. 
Atherosclerosis is the narrowing of arteries caused by the buildup 
of plaque (fatty deposits) on the inner arterial walls. If this 
occurs in an artery that supplies blood to the heart, it can restrict 
the amount of oxygen being supplied to the heart. In some individuals 
who have lost appreciable blood flow, this manifests itself as angina 
12,52 




A~mo1/kg in mice. 
TABLE III 
























ANTIARRHYTHHIC PROPERTIES OF 3451 




CH3 85 621 
CH3 78 463 
CH 3 49 535 
CH3 470 492 
disopyramide 90 517 







. 5. 77 
19 
When there is an abrupt reduction in the coronary blood supply 
due to obstruction caused by a narrmved artery or by a blood clot or 
if the demand for o2 far exceeds the supply, a myocardial infarction 
12 
can occur. Hyocardial infarction can result in severe damage to part 
of the heart muscle. This predominantly effects the left ventricle 
b d . h . h . 1 h . 12 ut may exten 1nto t e r1g t ventrlc e or t e atr1a . Of all deaths 
. occurring from acute myocardial infarction, 50% die within 2.5 hours 
of the onset of clinical symptoms. At this point, ventricular 
arrhythmia is the most immediate threat to life. 12 
Ventricular fibrillation is the irregular and chaotic contraction 
of the ventricular myocardium. This uncoordinated activity results in 
the loss of cardiac output and blood pressure. Ventricular fibrilla-
tion is a fatal condition unless it is corrected immediately. 
Treatment is directed towards control of ventricular premature beats 
si~ce this arrhythmia is the initiator of ventricular fibrillation. 
If fibrillation does occur, immediate DC defibrillation is the only 
12 
effective therapy. 
Depending upon the type of arrhythmia that is observed, different 
treatments are employed. Arrththmias of the atria are generally 
treated with digitalis which is a mixture of compounds that are iso-
lated from the dried leaves of Digitalis pururea L., Scrophulariaceae.64 
Digitalis decreases conduction through the myocardial tissues thereby 
reducing the ventricular response. When the ventricular rate has been 
acceptably slowed, longer acting drugs such as quinidine (35) or pro-
cainamide (36) are given to control ventricular arrhythmias that are 
a result of atrial flutter or fibrillation. 12 There are drawbacks to 
each of these drugs. For example, an overdose of digitalis can cause 
20 
arrhythmias worse than those already present. Quinidine (35) and 
""" 
procainamide (36) reduce ventricular function but also lower blood 
"""' 
12 
pressure. Nausea and vomiting as well as sudden death due to 
CHp 
OH 
35 36 ..,.,... 
overdoses are also associated with these two drugs. 1 
Ventricular arrhythmia are commonly controlled with lidocaine 
(37). However, when the arrhythmia has progressed to a tachycardia 
"""' 
or a fibrillation, the first choice of treatment is DC defibrillation. 12 
The side-effects of 37 are largely associated with the central nervous ........ 
system and include nausea and tremors. The most adverse reaction to 
37 comes from the injection of large amounts of compounds -.;.,rhich can ....... 
result in heart block, hypotension, and respiratory arrest. 1 
A number of new drugs are available for controlling various heart 
diseases. The structures and uses of some of the newer drugs are 
shown in Table V. A more detailed discussion of these drugs and mode 
f . . 'lbl 52 o act~on ~s ava~ a e. 
CH3 0 
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RESULTS AND DISCUSSION 
Heterocyclic bicyclo[3.3.l]nonanes are novel structures and have 
h . 1 . 11 . 1 b. 1 . 1 . . 28' 66,6 7 ! t eoretlca lnterest as we as potentla lO oglca actlVlty. · 
Nitrogen analogs of bicyclo[3.3.l]nonane have been studied extensively 
and have recently been reviewed. 28 Systems with heteroatoms such as 
0, S, and P have been limited primarily to highly substituted materi-
1 17,28,29,66,67 1 1 [3 3 ] as. To date, a 1 7-aza-3-thiabicyc o .. 1 nonanes 
reported have had aryl groups substituted on the ring alpha to the N 
d/ S 17,22,29! h b" . f h k h an or atom. · T e o JeCtlves o t e present wor were t e 
synthesis and conformational analysis of 2,4,6,8-tetraphenyl-7-aza-3-
thiabicyclo[3.3.1]nonan-9-one (38) 11 and N-alkyl-7-aza-3-thiabicyclo-
~ -
[3.3.l]nonanes with the general structure 39. 
0 
I \ \ 
s z N-R 
\ I I 
Ph 5 
38 39a Z= co 
NV\ """"' 39b Z= CH2 
"""""' lli Z.= CH(OH) 
39d Z= CC6Hs (OR) 
""""' 
Synthesis of 38 was accomplished by treating cis-2,6-diphenyl-
tetrahydrothiopyran-4-one (~) with benzaldehyde and ammonium acetate 
in ethanol at 60°C. For purposes of 13c NMR analysis, two labeled 
materials, namely 41 and 42, were prepared in a similar manner. 
22 







tetradeuterio-4-thianone (43) using the method described above but 
with absolute c2H50D as a solvent. Synthesis of 42 involved an 
identical procedure as for 38 except the benzaldehyde used was 








X-Ray analysis as discussed later has shovTn that 38 exists in a 
chair-boat con'formation with the thianone ring in a chair and the 
piperidone ring in a boat form. This finding is consistent with 
. 17 27 46 47 
results reported in the l1terature for related compounds. ' ' ' 
23 
This observation can be explained by considering the accepted mechanism 
of the Mannich reaction. The condensation of the iminium ion 44 with 
the enol 45 gives 46 as shown. 
38 
IVIN 





N +" H 
with another equivalent of aldehyde to give 47. This is followed by 
an intramolecular Mannich reaction to give 38. A possible reason why 
attack of the iminium ion 44 does not occur from the opposite face is 
steric interaction between the phenyl group in 44 and the enol 45. 
24 
The orientation shown has the phenyl group away from the ring 45 there-
b . . . . . . . 47 y m1n1m1z1ng ster1c 1nteract1ons. 
Treatment of 2,2,6,6-tetramethylthiapyan-4-one (48) with ammonium 
acetate and benzaldehyde gave 49. In light of the conformation 
found for 38 in the X-ray analysis and the results of Elie117 and 
Muller, 27 •46 •47 it is reasonable to conclude that 49 might exist as 





""" CH3 CH 3 
49 
IINV 
which could minimize internal strain, cannot be excluded. 
Synthesis of ~-benzyl-6,8-diphenyl-7-aza-3-thiabicyclo[3.3.1]-
nonan-9-one (SOa) using the conditions shmvn was not successful. The 
only product isolated was 3,5-dibenzylidenetetrahydro-4~-thiapyran-4-






ethanol 60° lh 
50b R=H ..........,.. 
SM 
using both methanol and ethanol as solvents. It is interesting to 
note that a large number of compounds with the general structure SOb 
. 17,29 
have been prepared w1th R=H. The side product 51 was heated 
26 
at reflux for 24 h with benzylamine in an attempt to force a double 
Michael addition to yield ~· However, only the starting ketone 51 
was recovered along with decomposition materials. An attempt to 
prepare 2,4-diphenyl-3,7-dithiabicyclo[3.3.l]nonan-9-one (52) from 
51 by the addition of n2s resulted only in the formation of polymeric 
materials. These results are not unexpected since, after one addition 
51 polymeric material 
NV\ 
of n2s or RNH2 in a Michael fashion, an intramolecular Michael addition 
would have to occur. This intramolecular addition is unlikely since 
the pendent double bond appears far removed from the attacking nucleo-
phile in the possible intermediate. Thus, it can be assumed that 
dienones like 51 are probably not intermediates in the formation of the 
bicyclic products discussed. 
The synthesis of N-alkyl-7-aza-3-thiabicyclo[3.3.l]nonan-9~one 
(39a, Z =CO) was accomplished by the double Mannich condensation 
involving 53 with an excess of paraformaldehyde and the appropriate 
amine in methanol. This reaction was found to depend upon several 
experimental parameters. The best yields were obtained when methanol 
was used as the solvent. If ethanol or 2-propanol was employed, the 
desired product was not obtained. Instead, only polymeric materials 
were formed. The literature method for performing the Mannich 
reaction involves the slow addition of the cyclic ketone to a solution 
of the aldehyde and the amine. 16 •51 This was found to give decreased 
yields in comparison to adding 53 to the reaction in one portion. 





















Reduction (Wolff-Kishner) of 54 to 61 proceeded in good yield; 
27 
however, the product was an oil. The oil 61 was, converted to the per-
chlorate §1 (82% overall) for ease of purification and handling. 
Isolation of the free amines from the reduction mixtures of other 
simple ketones 55, 56, and 59 was not attempted. Instead, the amines 
were converted directly to the perchlorates 63, 64, and 65, respec-
tively. The tetraphenyl ketone 38 was also found to undergo Wolff-
Kishner reduction to give 66 in good yield (74%). 
Preparation of 61 was attempted initially by converting ketone 
54 to the tosylhydrazone derivative which was treated with NaBH3CN.
26 

























CH 2 CH2C6H3(0CH3)2-3,4 
would suggest that the tosylhydrazone derivative was not formed under 







The addition of a nucleophile to the C(9) carbonyl group can 
result in two isomeric products depending upon which face of the 
28 
29 
carbonyl is attacked by the entering nucleophile. If the bicyclic 
ketone was in a chair-chair conformation 39a (Z = CO), it would be 
expected that the nucleophile would have equal opportunity to add 
0 0 
s 
39a 67 68 
~ ,....,. 
to either face of the carbonyl. If one of the chair-boat conformers 
67 or 68 was the predominate species, then the two faces of the 
carbonyl obviously would not be equivalent. An entering nucleophile 
might simply be blocked from the carbonyl face in the boat ring, with 
the S atom or N atom in 67 and 68, respectively. This could lead to 
predominately one addition product. If the nucleophile is an organa-
metallic (Grignard) reagent, coordination betwe.en the metal ion and 
the lone pairs of electrons on sulfur or nitrogen could result. This 
coordination could enhance the preferential addition of the nucleo-
phile to one face of the ketone, again resulting in the formation of 
predominately one addition product. 
Reduction of 54 with NaBH4 in 2-propanol gave a mixture of 
1 h 1 13c 1 · f h d d" h a co o s. · NMR ana ys1s o t e cru e mixture in 1cated t at the 
major isomer was 69 while the minor isomer -.;.;as 70 (65:35). The 13c 
NMR analysis will be discussed later. The major isomer was isolated 
in pure form by fractional crystallization from Skelly B. 
The addition of excess methylmagnesium chloride to 54 gave a 
mixture of alcohols 71 and 72. Examination of the crude reaction 
69 70 
fV'A """' 
mixture by 13c NMR revealed a 3:2 ratio of 71:72. The major isomer 
54 
"""' ether 
71 was isolated in pure form by fractional crystallization from Skelly 
B (38%). 
Alcohol 73 was prepared by addition of two equivalents of phenyl-
magnesium bromide to ketone 54 in ether. Examination of the crude 




The crude product in ether was treated with perchloric acid, 
1) C 6H.5MgBr 
ether 
2)HC10 4 
73a HC10 4 salt 
ill free amine ,_,._ 
74a HC10 4 salt m free amine 
·"""""' 
30 
and the resulting solid was recrystallized from 95% ethanol to give 
only one pure isomer~ (81%). The structure of 73a was confirmed 
by single crystal X-ray analysis. 
The observed product ratios for the addition of various nucleo-
philes to 54 show a preference for attack from the N face, thus 
+2 suggesting hinderance to the S face or N-coordination to Mg and/or 
+ Na • This is not unreasonable in view of the chair-boat conformation 
found for 54 by X-ray analysis. If it is assumed that 54 is a chair-
boat in solution, then the S atommay be blocking attack at the 
carbonyl. Eliel and co-workers have noted that attack of a nucleo-
philic type occurred from the least hindered side of cis-2,4-diaryl-
3-azabicyclo[3.3.l]nonan-9-ones,17 which have chair-boat conformations 
in the solid state. 
The addition of phenylmagnesium bromide to 55, 56, and 57 gave 
75, 76, and 77, respectively. The structures were confirmed by 
spectral analysis and. the configuration at C(9) was determined by 
13c NMR analysis which will be discussed later. Only the isomers 75, 
31 
76, and 77 were isolated; however, the crude reaction mixtures were not 
76 
examined for the presence of the other possible isomers. It is expected 
that isomers resulting from addition to the S face are produced in small 
amounts as is the case with ketone 54. 
32 
Single Crystal X-ray Analysis 
The X-ray analysis of 38, 54, and the perchlorate ~ were per-
formed by D. van der Helm and co-workers at the University of Oklahoma. 
The crystal structure of 62 was determined by E. M. Holt at Oklahoma 
State University. The analysis of 38 revealed the presence of 1.5 
molecules of benzene per molecule of 38. Ketone 38 was found to exist 
in a chair-boat with the thianone ring in a chair and the piperidone 
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Figure 1. Angles Between Planes of 38 
33 
In the solid state, ketone 54 exists in a chair-boat conformation 
with the sulfur-containing ring in a boat form and the nitrogen con-
taining ring in a chair form. +here are two distinct molecules in the 
crystalline lattice; however, the fused ring portions of the two 
molecules are virtually identical (Figure 2). 
~ c1o; 













Figure 2. Angles Between Planes of 54 .._. 
In both 38 and ii• the C(l)-C(9)-C(5) angle is smaller (113.3°) 
than ideal geometry (116°) for bicyclo[3.3.1]nonan-9-one, 35 suggesting 
some strain in the carbonyl groups. In both molecules of 54 in the 
• 0 
crystalline structure, C(9) is displaced sl1ghtly (0.027 and 0.037 A) 
from the plane formed by C(l), C(S), and 0(10) in the direction of the 
34 
sulfur atom. In 38, C(9) is displaced slightly towards the nitrogen by 
0 
0.026 A. Thus, these data suggest that in both 38 and 54 there is some 
small interaction between C(9) and the heteroatom at the opposite end 
of the boat conformation. 
Both hydroperchlorates 62 and 73a exist in chair-chair conforma-
tions (Figures 3 and 4, respectively). In both molecules, the hydrogen 
from the perchloric acid is transferred to the nitrogen. The bond 
0 
distances for S ••• Hand N-H are 2.42(4) and 0.94(4) A, respectively, 
0 for 62 with a s •.. H-N angle of 128.8(29) • These are somewhat differ-
ent from the values found for 73a (S ••. H, N-H, and S .•. H-N are 2.38(4) 
~ ~ 0 
A, 0.87(4) A and 134(3) , respectively). Table VI contains all 
pertinent crystal data for 38, 54, 62, and 73a. Bond distances and 
angles are given in Tables VII and VIII. 
13c NMR Analysis 
1H NMR analyses were relatively uninformative except for the 
obvious signals for the benzylic and methoxy protons. These data are 
shown in the Experimental Section. The 13c NMR chemical shifts (Table 
48 
IX) for 38 were compared with those of model compounds 40 and 78. 





78 40 38 
considerations, the signal at 61.05 ppm in 38 was assigned to C(6,8) 
·. Ul 
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·SELECTED BOND ANGLES ( 0 ) FOR 38, 54, 62, AND 73a 
~ ~ ~ -























































































38 59.24 61.05 
"""" 
a 





7848 60.89 50.10 ,..,.... 
4848 46.40 55.80 
""'' 
a 














Ar-C and Others 
144.40, 13 7. 33' 128.46, 
127.94, 127.72' 127.36, 
127.01, 126.53 
CHta 28.66, CH3e 32.45, 
12 .53, 127.69, 128.45, 
144.47 
139.06, 128.43, 137.61, 
126.78 
126.31, 127.48, 128.36, 
142.60 
32.29 (CH3) 
to labeling studies or HETCOR 
which were attached to the nitrogen atom. This chemical shift was 
remarkably similar to that (60.84 ppm) found for C(2,6) in the piperi-
48 
the resonance at 52.13 for C(2,4) was not done 78. Likewise, ppm 
sharply different from that (48.15 ppm) for C(2,6) in thianone 40. 
Thus, it appeared that a dramatic deshielding of C(l,5) had occurred 
in 38 to give a signal at 59.24 ppm quite downfield from the values 
(50.10 and 50.24 ppm) found for C(3,5) in ~ and ~' respectively. 
In order to confirm these assignments, the labeled compounds 41 





s a Ph 
S Ph 
42 •= 13 C 
""" 
signals at 52.11 ppm [C(2,4)] and 59.26 ppm [C(6,8)] while the signal 
at 61.05 ppm was complex and greatly diminished because of C(l,5)-D 
. 13 . . 13 coupling. The C NMR analys1s of 42 clearly showed the C label at 
59.24 ppm for C(6,8) which were attached to nitrogen. Consequently, 
40 
bridgehead carbons C(l,5) must give the resonance at 61.05 ppm~ Quite 
possibly, this downfield shift of the C(l,5) resonance arose from 
deshielding imposed by the phenyl groups. 
Initially, the 13c NMR assignments for 49 were made by comparison 
to model compounds 48 and 78 (Table IX). In the mobile system 48, 
the methyl groups are all equivalent (32.29 ppm), but in the biased 
system 49 signals are observed at 28.66 ppm for an axial methyl and 
32.45 ppm for an equatorial methyl. The C(2,4) signal at 50.45 ppm 
0 CH CH3 Ph 0 n 3 5 ~ CH3 S CH3 2 CH3 CH3 PH Ph 
48 CH3CH I 




was downfield from the original (46.40 ppm) for corresponding carbons 
in 48. However, assignments of the signals at 62.94 and 64.40 ppm in 
49 were complicated in the same way as were the assignments for 38. 
Absolute assignments for these signals were made using the results 
of a heteronuclear correlated 2-dimensional (HETCOR 2-D) NMR experi-
ment61 (Figure 5). This experiment was performed in the 13c region 
of approximately 25-70 ppm and in the 1H region of approximately o 
1-5. At the lower right hand corner of Figure 5, the proton de-
. 13 
coupled C spectrum for 49 in this region is shown, while in the 
upper portion of Figure 5 the proton spectrum in this region is shown. 
41 
If all of the peaks in the HETCOR 2-D spectrum are compressed into one 
1 horizontal plane, the spectrum obtained is identical to the H spectrum 
shown. If the 2-D spectrum is observed from the right-hand side, and 
all of the peaks are compressed into one vertical plane, the spectrum 
obtained is identical to the 13c spectrum shown. 
A HETCOR 2-D experiment can be used to correlate the 1H signal 
for a particular set of protons with the 13c signal for the carbon to 
21 
which those protons are attached. In order to utilize the infor-
1 13 
mation contained in the 2-D spectrum, either the H or C NMR spectrum 
must be assigned unequivocally. 
1 
In this case, the H NMR spectrum of 
25 
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Figure 5. HETCOR 2-D Spectrum of 49. 
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49 can be assigned easily. 
1 
The signal at o 4.62 in the H spectrum 
was assigned to H(6) and H(8), and the signal at o 2.60 was assigned 
to H(l) and H(5). Using the HETCOR 2-D spectrum, it was found that 
the protons at o 2.60 were attached to the carbon giving a signal at 
13 
64.40 ppm in the C spectrum. The signal at 64.40 ppm was, therefore, 
assigned unequivocally to C(l,5). Similarly, H(6) and H(8), which 
gave a doublet at o 4.62 in the~ spectrum,were attached to the 
13 
carbon that gave a signal at 62.94 ppm in the C spectrum. Thus, 
the carbons alpha to nitrogen gave rise to the signal at 62.94 ppm in 
13 
the C spectrum. Interestingly, the bridge-head carbons [C(l,5)] in 
38 and 49 were 11 and 14 ppm downfield, respectively, in comparison 
48 
to model compounds 40, 48 and 78 (Table IX). This deshielding 
effect of C(l,5) possibly arose from the influence of the nearby 
phenyl groups and/or distortion :effects of the phenyl and methyl 
groups. 
The 13c NMR assignments for carbons in ketone 54 were made by 
comparison with model compounds 53 and 79 (Table X). 24 In general, 
0 
0 0 
6 6 6 2 6 2 2 ~ 8 s N 




the signals for carbons in the bicyclic ring or 54 were found to be 
4-6 ppm downfield from the chemical shifts found for corresponding 
carbons in 53 and 79. 
The 13c signals for C(2,4), C(6,8), C(l,5) and C(9) of ketones 
44 
55-60 were all very similar to those found for 54. See the Experi-
mental Section for details. 
TABLE X 
13c NHR ASSIGNMENTS (PPM) FOR ~ AND MODELS 53 AND 79 
C(2,4) C(l ,5) C(6,8) C(9) c (1') Ar-C 
54 34.67 47.06 58.40 212.84 61.42 127.3, 128.2, 
128.6, 137.9 
C(2,6) C(3,5) C(4) C(l') Ar-C 
5324 30.0 44.0 208.0 
7924 52.8 41.0 207.7 61.8 127.2, 128.3, 
128.6, 138.1 
The sulfoxide 80 was prepared by the treatment of ketone 54 with 
Nai04 in aqueous methanol. The carbons alpha to sulfur showed a drastic 
downfield shift compared to 54. Suprisingly,the signal for C(l,5) was 
also shifted slightly downfield. This is not expected since the beta 
carbons in a sulfoxide are usually shifted upfield (Table XI). 
It is interesting that the signal for the carbonyl carbon of 80 
is shifted upfield 4 ppm compared to that in 54. This suggests a 
possible interaction between the sulfoxide and C(9). This upfield 











C(2,4) C(l,5) C(6,8) C(9) C(l') 
80 59.34 47.70 58.06 208.7 61.27 
54 34.67 47.06 58.40 212.84 61.42 
C(2,6) C(3,5) C(4) 
0 
8143 '6' 46.8 31.9 204.4 6 2 s 
~ 0 
53 \~)' 30.0 44.0 208.0 6 2 s 
Interestingly, the perchlorate 82 of ketone 54 did not have a 
signal for C(9) around 212 ppm. Instead, C(9) gave rise to a signal 
at 88.5 ppm (Table XII). The observed chemical shift is indicative of 
b . h . 1 d" 31 a car on Wlt gemlna loxy groups. IR analysis of 82 also did not 
-1 
reveal an absorption band for C=O (vC=O 1720 em was observed for 
54), but a broad, intense absorption occurred at 3280-3460 cm-1 .. 
These data suggest that the perchlorate of 54 exists as the hydrate 
83. 25 The perchlorate 84 of N-benzyl-7-aza-3-oxabicyclo[3.3.1]-
46 
nonan-9-one is also reported to exist as the hydrate. In 84, a signal 
at 92.9 ppm was observed for C(9) in the 13c NMR spectrum. 2 Hydration 
of the carbonyl of certain piperidin-4-ones31 and phosphorinan-4-ones14 
have also been reported. 13 In these, the hydrated carbon has a C 
chemical shift of 101.7 and 94.4 ppm, respectively. 
TABLE XII 
13c NMR CHEMICAL SHIFTS (PPM) .FOR 82a 
0 
' '~\' (o\ 
82 ~ 
IYVV 
C(2,4) C(l,5) C(6,8) C(9) 




aX-Ray analysis has shown that 82 actually exists as the hydrate 83. 
c1o4- CIO- ~ CIO,-
\ \ 4 s w~~~ 0 H/~v© 0 N~ H/+ 




C NMR spectral analysis of perchlorate 62 was performed using 
DMSO-~ as a solvent. The 13c assignments were made by comparison 
24 
to those in appropriate model compounds 85 and 86 and via off-
resonance 13 NMR . ( bl ) C experlments Ta e XIII • As was the case with the 
ketones 54-60, the 13c signals for analogous carbons of all of the 
perchlorates 62-65 were very similar. See the Experimental Section 
for details. It should be noted that in going from the free amines 
~ (Table X) and 61 (Table XIII) to the perchlorates ~ and 62 , 
respectively, a 2-6 ppm shielding effect is observed for all carbons 
in the bicyclic ring system. This was not entirely expected since 
C(2,4), C(6,8) and C(9) of N-benzyl-7-aza-3-oxabicyclo[3.3.l]nonane 
hydroperchlorate (87) are slightly deshielded in comparison to.the 
f . 2 ree amlne. 
The 13c NMR assignments of alcohols 69, Z1• and 73b were made by 
47 
comparison to the parent compound 54 (Table XIV). Assignments for the 
bridgehead carbons [C(l,5)] were made using an off-resonance 13c NMR 
experiment. In general, conversion of bicyclo[3.3.l]nonan-9-ones to 
the corresponding alcohols reportedly results in an upfield shift of 
about 7.5 ppm for the pair of methylene carbons syn to the hydroxyl 
48 
29 
group. In contrast, the pair of methylene carbons anti to the 
hydroxyl group exhibits no significant change. 
29 
TABLE XIIIa 
13c NMR CHEMICAL SHIFTS (PPM) FOR 61, 62 AND MODEL COMPOUNDS 24 
C(2,4) C(l,5) C(6,8) C(9) C(l') Ar-C 
9 5 1 -
CI04 




~ 1 31.49 27.14 58.54 29.76 67.18 126.35, 127.84, 4 \ 8 128.37, 138.96 S N._fl 
61 
"""' 
C(2,6) C(3,5) C(4) C(l') 
~o3 29.1 27.9 26.6 85 6 2 
i\N\ s 
503 
86 6 2 54.6 26.0 24.5 64.0 126.8, 128.0, NW 
N 129.1, 138.6 
lPh 
aShifts for 62 determined in DMSO-%. Shifts for model compounds 
determined in CDC13. 
49 
In alcohols 69, 71, and 73b, signals for C(2,4) are shifted 
upfield in comparison to the analogous carbons in 54. This would 
indicate that the hydroxyl group resides on the S side of the ring 
system in 69, 71, and 73b. This has been confirmed for the per-
chlorate salt ~ by X-ray analysis. In 69, the chemical shift of 
C(6,8) (58.22 ppm) is essentially the same as that (58.40 ppm) of 
the analogous carbons in 54. In 71 and 73b, however, C(6,8) exhibited 
a 2-4 ppm upfield shift in comparison to ketone ~· This upfield 
shift may result from a compression effect at C(6,8) caused by the 
methyl or phenyl group at C(9). 
TABLE XIV 
13c NMR ASSIGNMENTS (PPM) FOR 54, 69, 71 AND 73b 
0 




C(2,4) C(l,5) C(6,8) C(9) C(l') 
69 26.54 34.19 58.22 70.97 62.21 
71 28.95 38.67 56.58 69.09 62.36 
73b 28.84 35.24 55.21 . 70.68 61.91 
54 34.67 47.06 58.40 212.84 61.42 
50 
Considering the above observations, signals for C(6,8) (syn to the 
OR group) in the minor isomers, 70, 72, and 74b, would be expected to 
be shifted upfield in comparison to 54. Compounds 70, 72, and 74b were 
not isolated as pure materials, but the 13c chemical shifts for each 
could be determined from the crude reaction mixture (Table XV). As was 
expected, the signals for C(6,8) in 70, 72, and 74b are shifted upfield 
in comparison to those in 54. The upfield shifts of C(2,4) in 72 and 
74b again may indicate a compression effect on these carbons by the 
methyl or phenyl group at C(9). Of course, it is not possible to 
eliminate the possibility that a deformed ring system could be present 
in 70, 72, and 74b. 
TABLE XV 
SELECTED 13c NMR CHEMICAL SHIFTS (PPM) FOR 54, CRUDE 70, 
CRUDE 7 2 AND CRUDE 7 4 b ~ 
C(2,4) C(l,5) C(6,8) C(l') C(9) 
70 33.41 34.25 52.17 61.83 70.87 
72 32.07 37.43 53.08 61.22 68.48 23.48 (CHJ) 
74b 31.49 34.04 52.94 61.10 72.87 
54 34.67 47.06 58.40 61.42 212.84 
51 
13 
Variable temperature C NMR experiments were performed on 54 
and 61. At temperatures up to 100°C in nitrobenzene-~5 , no changes 
were observed in the spectra of the two compounds. Compound 61 in 
Freon 2l:CDC13 (1:1) was studied at temperatures as low as -120°C 
with no observed changes in the 13c spectrum. A similar low 
temperature study of ~ in toluene-~:Freon 21 (1:1) showed.no 
changes down to -85°C. However, at -85°C the signals between 30-65 
ppm started to broaden, and, at -90°C, small additional signals 
were observed. At -100°C a second complete set of signals were 
observed (Figure 6). The appearance of a second set of signals is 
suggestive of the presence of two conformers or two invertomers. A 
13 . 0 
gated (no NOE) C NMR experlment at -100 C revealed a 78.5:21.5 ratio 
of the two conformations. At this time it is not possible to ascer-
tain which of the possible conformers are present at these temperatures. 
However, one might expect the major conformer present to be ·the chair-
boat form found in the solid state. 
Analysis of 15N NMR spectra for structure diagnosis of nitrogen-
containing compounds has been recognized as a useful too1. 33 15N 
chemical shifts extend over a range of several hundred parts per 
million (NH3 (£), 0.0 ppm; CH3No2 (neat), 380.23 ppm). Generally 
15N 
resonances are measured in relation to a convenient external standard 
and referenced to liquid NH3 at 25°c.
33 
Piperidine and its hydrochloride have 15 N resonances (in cH30H) 
33 at 37.0 and 39.2 ppm. ~-Methyl-4-piperidone (neat) has a signal at 
33 
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C NMR Spectrum of 54 at -100°C. ......... 
52 
I 
\ . ' 
~ 
53 
of the boat nitrogen in compound 88. 13 In the C "NMR spectrum carbons 
alpha to the nitrogen in the boat Here observed upfield compared to 
those alpha to nitrogen in a chair. 
15 
The N NMR spectrum of sparteine 
3 h d 15N . 1 48 6 49 1 19 a s owe two s1gna s at • and . ppm. The signal at higher 
f . ld . d h b . 19 1e was ass1gne to t e oat n1trogen. 
The 15N NMR spectra for selected ketones, a reduced product and 
one alcohol were recorded. Samples were run in appropriate deuterated 
solvents (25°C). Signals were referenced to liquid NH3 (25°C) using 
neat formamide (112.4 ppm) in a capillary as an external standard. 
For closely related compounds very little variation in the 15N 
resonances was observed (Table XVI). The free amines all showed an 
upfield shift of 11-13 ppm in comparison to the model 79. This was 
not unexpected since C(2,4) in each of the bicyclic compounds are y 
to the nitrogen, and one would expect a shielding of the nitrogen. 
The 15N resonances of the perchlorates (Table XVI) were also quite 
similar to each other. The large deshielding of the 15N signal in 
62, lli• and 83 by 17-19 ppm is w·ell known for protonated amines. 33 
The similarities within each series of compounds is not unreasonable 
since it "tvould be expected that the nitrogens in a given series are 
most likely in similar environments. 
As was observed for the free amines in Table XVI, an upfield 
54 
TABLE XVI 
15N NMR CHEMICAL SHIFTS 
15N Chemical Shift (ppm) 
0 Free Amine (CDC13) HCl04 salt (DMSO-~) 
54 37.36 54.02 83 
0 
56 \ -JQJOCH, 38.02 
N Q 
61 ltv 36.99 54.16 62 
S. N~ 
73b 35.45 54.38 73a 
79 49.10 
shift in relation to the model 78 was also found for the 15N signal of 
18 (Table XVII). However, the small downfield shift observed for the 
15N · 1 . 49 d s1gna 1n was unexpecte • This observation has not been 
explained. 
The 15N resonances for 88 and 89 (Table XVII) have been reported 
46 
by Muller and co-workers. There is a correlation between.the 15N 
signals of the dinitrogen compounds 88 and 89. However, the observed 
55 
signals in 88 and 89 differ greatly from those for the sulfur-nitrogen 
compounds 38 and 49. Comparison of the 15N chemical shifts in Tables 
XVI and XVII show that the observed 15N resonance is highly dependent 
upon substituents attached to the ring and nitrogen. At this time it 
is not possible to establish an exact conformation for 3-azabicyclo-
15 
[3.3.l]nonanes based upon N NMR alone. Further studies on related 
bicyclic systems in which the conformations are known unequivocally 
15 
are needed before N NMR analysis can be used to assign a conforma-
tion to these systems. 
. Biological Activity 
The antiarrhythmic properties of 54, 62, 73a, and 83 were assessed 
by Benjamin J. Scherlag at the Veterans Administration Medical Center 
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were examined 24 hours after ligation of the left anterior descending 
coronary artery. Ligation resulted in an infarct of the heart tissue 
and the occurrence of irregular contractions interspersed with the 
normal heart rhythm; The electrical activity of various locations on 
the heart and the mean arterial blood pressure were monitored con-
tinuously. Figure 7 shows a control experiment and a list of the 
various electrical parameters which were monitored. 
Atrial pacing experiments were performed before and after admin-
istration of each compound in order to determine the effects of each 
on conduction in the heart. Ventricular pacing was then instituted 
by three ventricular paced beats (VPB) at rates between 240/min and 
390/min. This pacing has been found to induce a rapid and sustained 
ventricular tachycardia (Figure 7). 54 If this tachycardia was not 
terminated within two minutes, it would commonly degenerate into 
ventricular fibrillation. 
Compound 62 was studied in six dogs at doses of 3 and 6 mg/kg of 
body \veight, administered intravenously as a solution in 50% ethanol. 
Compound 62 caused a 10-15% increase in blood pressure within two 
minutes in all dogs. In 3 dogs, ventricular tac:hycardia were com-
pletely inhibit:ed even at pacing rates 30-60 beats/min higher than the 







Antiarrhythmic Control Experiment. L-2 = standard 
lead II of the electrocardiogram. Hbeg = His 
bundle electrogram. IZ endo = electrode catheter 
in contact with the endocardium bordering the 
infarct. IZ epi = composite electrode overlying 
the infarct epicardium. NZ epi = composite 
electrode on non-infarcted epicardium. MBP = 












rate required to cause tachycardia (Figure 8) before administration 
of 69 and for 40 min (duration of action) after 62 had been given. 
In 2 dogs, 62 simply slowed the ventricular tachycardia which were 
induced by an average of 100 beats/min. However, one dog, which did 
not show an inductible tachycardia prior to the administration of 62, 
did exhibit an inductible tachycardia after 62 was administered. 
Lidocaine (37), a commonly used antiarrhythmic agent, was used 
"""' 
as a model drug in terms of activity on arrhythmias. Lidocaine caused 
a 5-10% decrease in blood pressure and slowed the rate of induced 
tachycardia in 3 dogs by an average of 40 beats/min. In one dog, no 
change in the inducible tachycardia were observed, and in two dogs 
tachycardia were only inducible after administration of lidocaine. 
In no dog was the induction of ventricular tachycardia completely 
abolished as was the case in three instances with 62. 
Compound 83 had properties similar to 62, while 54 showed only 
a slight increase in blood pressure and little antiarrhythmic activity. 
Alcohol 73a also caused a slight increase in blood pressure but was 
found to exhibit a markedly depressing effect on conduction not only 
in abnormal myocardium but also in normal myocardium. 
Fifty percent ethanol solutions ~1ere injected into the dogs in 
V. PACING 390/min V. PACING 420/min 
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Figure 8. Antiarrhythmic Properties of 62 
0\ 
0 
order to determine if some or any of the effects of 62 were due to the 
solvent. Ethanol injected intravenously in appropriate volumes pro-
duced a small but consistent decrease in arterial blood pressure and 
no appreciable changes in ventricular activity. Lidocaine 37 and 62 
were also given in alternate fashion to some of the dogs that were 
used in the screening experiments. 
Attempted Preparation 
Starting with an appropriate phosphorinan-4-one, several attempts 
were made to prepare selected 7-aza-3-phosphabicyclo[3.3.l]nonan-9-










red polymeric material. No evidence was found by 13c NMR analysis 











with twice the amount of acetic acid in the belief that the basicity 
of the phosphorous may effect the reaction, but the same results were 
obtained. 
61 
The above reactions were repeated using phosphorinanone 92. How-
ever, only polymeric material was obtained as was the case when using 
90. Conceivably, the 6,8-diphenyl derivative 93 might be easier to 
prepare and isolate, and therefore ketone 92 was treated as shown, but 
again only in polymeric material was obtained. 
polymeric material 
Suggestions for Future Hork 
Dienones like 94 should be easily obtainable. These dienones 
could then be converted to the dihalide 95. Compound 95 would un-
doubtedly be a mixture of cis-trans isomers. However, when treated 
with Na2s, R-NH2 , or R-PH2 the cis isomer of 95 should condense to 







procedure would lead to a cis-trans mixture of 96 which should be 
62 
separable by column chromatography. 
7,3-Dithiabicyclo[3.3.l]nonan-9-one C2l) could be prepared by 
treating the salt 2.§. ,with Na2s.30 • 2° Ketone rJ. has been reported 




X-Ray analysis of 49 should be performed to establish the con-
formation and structure. The nitrogen ring of 49 is biased by the 
6,8-diphenyl groups, but the sulfur ring is potentially mobile. In 
light of the conformations found for 38 and reported for 88 and 89 
63 
(Table XVII), there is the strong possibility that 49 has the nitrogen 
ring in a boat form. The X-ray analysis of 83 was recently completed 
and revealed a chair-chair conformation as v1ell as hydration of the 
carbonyl (gem dial) which had been indicated by IR and 13c NMR 
1 . 25 ana ys1s. 
CHAPTER III 
EXPERIMENTAL 
Reactions were carried out under a N2 atmosphere and magnetically 
stirred unless otherwise noted. Solvents were removed during workups 
by means of a rotatory-evaporator. Tetrahydrothiopyran-4-one, 30 
cis-2,6-diphenyltetrahydrothiopyran-4-one, 11 and 2,2,6,6-tetramethyl-
thiopyran-4-one38 were prepared by literature procedures. Hydrazine 
(Eastman, 95%), benzylamine (Eastman, bp 182-185°C), 2-phenethylamine 
(Matheson Coleman and Bell, bp 198-200°C), 4-methoxybenzylarnine 
(Aldrich, bp 236-237°C), 2-(4-methoxyphenyl)ethylamine (Aldrich, bp 
138-140°C/20 rnrn), 3,4-dimethoxybenzylamine (Aldrich, bp 180°C/15 rnrn), 
2-(3,4-dimethoxyphenyl)ethylamine (Aldrich, bp 154-158°C/12 mm), HCl04 
(Baker), Na2S·9H20 (Aldrich), H2s (Matheson), phenylmagnesiurn chloride 
(Aldrich, 2 H in THF), methylmagnesium chloride (Aldrich, 2M in THF), 
~-methyl-4-piperidone (Aldrich), and NaBH4 (Matheson Coleman and Bell) 
were used as purchased without further purification. Melting points 
were determined with a Thomas Hoover capillary apparatus and were 
uncorrected. IR spectral data were obtained on a Perkin-Elmer 681 IR 
spectrometer. NMR spectra were obtained on a Varian XL-100(15) NMR 
spectrometer equipped with a Nicolet TT-100 PFT accessory or a Varian 
XL-300 NMR spectrometer. 
1 13 
The H and C spectra were recorded as 6 
values or in parts per million (ppm), respectively, downfield from 
Me4Si (THS) as an internal standard. Single-frequency, off-resonance 
64 
spectra were obtained by irradiating with a continuous wave frequency 
at about o-5 compared to Me4Si in the proton spectrum. The 
15N 
spectra were recorded at 30.41 MHz in ppm downfield from liquid NH3 
(25° C) using formamide (neat) (112. 4 ppm) in a capillary as an 
external standard. Elemental analyses were performed by Galbraith 
Laboratories, Knoxville, Tennessee. RT means room temperature. 
cis-2,4,6,8-Tetraphenyl-7-aza-3-thiabi-
cyclo[3.3.l]nonan-9-one (38) 
A mixture of 1.34 g (0.005 mol) of cis-2,6-diphenyltetrahydro-
thiopyran-4-one (40), 48 1.06 g (0.01 mol) of benzaldehyde, 0.40 g 
(0.005 mol) of ammoniwn acetate, and 95% ethanol (10 mL) was heated 
at 60°C for 5 h under N2 in a 25 mL flask equipped with a condenser. 
The resulting mixture was cooled and 10 mL of ether was added to keep 
the resinous material in solution. The solution was cooled to 0°C, 
and a white solid that separated was filtered off and washed with 
ether (5 mL). Recrystallization (c6H6) gave 0.40 g (17%) of 38; mp 
207-209°C (lit. 1 mp 207-209°C); IR (KBr) 3320 (N-H), 1710 cm-l (C=O); 
1 
H NMR (CDC13) o 1.50 (s, 1 H, N~), 3.21 [t, 2 H, H(l), H(S)], 4.66 
[d, 2 H, J = 2 Hz, H(6), H(8)], 4.90 [d, 2 H, J =4Hz, H(2), H(4)], 
6.76-7.49 (m, 29 H, ArH). 15 N NMR (CDC13) 59.73 ppm. 11ass spectral 
+ (M) 461.1813; Found: 461.1827. 
cis-2,4,6,8-Tetraphenyl-1,5-dideuterio-7-aza-
3-thiabicyclo [3. 3 .1] nonan-9-one (41) 
65 
A mixture of 0.10 g (0.37 mmol) of cis-2,6-diphenyl-3,3,5,5-tetra-
deuterio-4-thianone (43), 48 0.08 g (0. 75 mmol) of benzaldehyde, 0.029 g 
(0.38 mmol) of ammonium acetate, and absolute c2H50D (Aldrich, 99.5% 
0 D, 1 mL) cvas heated to 60 C for 5 h under N2 in a 5 mL flask. The 
resulting mixture was cooled, and 2 mL of ether was added to keep 
the resinous material in solution. The solution was cooled to 0°C, 
and a white solid that separated was filtered off and washed with 
ether (2 mL). Recrystallization (c6H6) gave 23 mg (12%) of 41: mp 
207-209°C; IR (KBr) 3320 (N-H), 1710 cm-l (C=O); 1H NMR (CDC13) o 
1.50 (s, 1 H, N_!!), 4.66 [s, 2 H, H(6), H(8)], 4.90 [s, 2 H, H(2), 
66 
13 H(4)], 6.76-6.49 (m, 29 H, Ar_!!_); C NMR (CDC13) ppm 52.11 [s, C(6,8)], 
59.26 [s, C(2,4)], 61.05 [m, C(l,5)]; Mass spectral m/e, calcd. for 
c31H25D2NOS: (M+) 463.1939; Found: 463.1976. 
cis-2, 4,6, 8-Tetraphenyl-7-aza-3-thiabicyclo-
13 [3.3.l]nonan-9-one-2,4- C (42) 
A mixture of 0.20 g (0.7 mmol) of cis-2,6-diphenyltetrahydro-
thiapyran-4-one (40) 48 and 0.058 g (0.7 mmol) of ammonium acetate in 
2 mL of absolute ethanol was prepared in a 5 mL flask equipped with 
a condenser. To the above, 0.158 g (1.5 mmol) of benzaldehyde (which 
13 
contained 30.8 mg of 43.86% c6H5 CHO, Merck and Co.) was added, and 
the resulting mixture was heated to 60°C for 12 h under N2 with 
stirring. Upon cooling, 2 mL of dry ether was added to keep the 
resinous material in solution. 0 The solution was cooled to 0 C, and 
a "'hi te solid that separated was filtered off and washed with ether 
(2 mL). Recrystallization (c6H6) gave 68 mg (19%) of 42: mp 207-
2090C; IR (KBr) 3320 (NH), 1710 cm-l (C=O). The NMR analysis (~ 
13 and C) of 42 gave identical results as found with 38 except in the 
13 
C NMR spectrum of 42. The signal at 59.24 ppm [C(2,4)] was greatly 
13 enhanced due to the increased percentage of Cat C(2,4). Mass 
spectral m/e, calcd. + for c31H27NOS (unlabeled); (M ) 461.1813; Found: 




A solution containing 0.46 g (4.3 mraol) of benzylamine, 1.00 g 
(33.0 mmol) of paraformaldehyde and 15 mL of methyl alcohol in a 50 
mL flask equipped with a condenser was made acidic with 0.38 g (6.3 
mmol) of gl acetic acid. Tetrahydrothiopyran-4-one (53) 0.50 g (4.3 
mmol) was added to the above mixture in one portion. After the 
resulting mixture was heated at reflux for 6 h, the solvent was 
removed, and the red oily residue was partitioned between H20:ether 
(30 m1:30 mL). The layers were separated, and the ether layer was 
discarded. The aqueous layer was made strongly basic with 0.5 g 
(12.5 mmol) of NaOH pellets. The aqueous mixture was extracted with 
4 X 30 mL of ether, and the extracts were combined and dried (Na2so4). 
The solvent was removed from the yellow solution to give a yellow 
brown oil that solidified. The solid was digested with 100 mL of 
Skelly B on a steam bath for 30 min, and the hot solution was decanted 
from the dark brown residue. Evaporation of the solvent gave 0.5 g 
of a yellow solid which contained several white crystalline masses. 
The total solid was placed in a sublimation apparatus and molecularly 
distilled at 0.025 mm/110°C (oil bath) to give 0.40 g (38%) of 54: 
mp 91-92°C; IR (KBr) 1720 cm-l (C=O); 1H NMR (CDC13) o 2.25-3.25 (m, 
10 H, ring c~2 and~), 3.5 (s, 2 H, c6H 5-c~2 ), 7.25 (m, 5 H, Ar~); 
67 
13 
C NMR (CDC13) ppm 34.6 [C(2,4)], 
61.4 [C(l')J, 212.8 (C(9)], 127.3, 
47.1 [C(l,5)], 58.4 [C(6,8)], 
15 128.2, 128.6, 137 .. 9 (Ar-_f); N 
NMR (CDC13) 37.36 ppm. Mass spectral m/e, calcd. for c14H17NOS: 
+ (M) 247.1031; Found: 247.1031. Anal. calcd. for c14H17NOS: C, 
68.02; H, 6.88; N, 5.67; S, 12.95. Found: C, 68.01; H, 6.96; N, 
5.67; S, 13.07. 
N-Benzyl-7-aza-3-thiabicyclo[3.3.l]nonan-9,9-
diol Hydroperchlorate (83) 
A solution of 0.30 g (0.001 mol) of 54 in 30 mL of (1:1) water: 
ethanol was treated dropwise with 1 mL of HCl04 (60%) over a 5-min 
period. A white solid precipitated and was redissolved upon heating 
the mixture on a steam bath. The hot solution was treated with decolor-
izing carbon and filtered hot. The solution was cooled to -20°C and the 
68 
solid that formed was filtered to give 0.32 g (76%) of 83: mp 214-
2150C; IR (KBr) 3460, 3280 (0-H, N-H), 1100 cm-l (Cl04-); 1H NMR (DMS0-~6 ) 8 
2.4-2.8 (m, 6H, ring c_g2 and C!!_), 3.1-3.65 (m, 6H, ring c_g2 , C!!_and 0!!_), 
7.5-7.62 (m, SH, Ar-_g); 13 CNMR (DMS0-~6 ) ppm 29.0 [C(2,4)], 37.3 
[C(l,5)], 54.7 [C(6,8)], 59.9 (Ar-_fH2), 88.5 [C(9)], 129.0, 129.4, 129.9, 
15 130.3 (Ar-_f); N NMR (DMSO-~) 54.02 ppm; Mass spectral m/e, calcd. for 
+ c14H17NOS•HC10 4 •H20: (M -HC104·H20) 247.1031; Found: 247.1028. 
N-Benzyl-7-aza-3-thiabicyclo[3.3.l]nonan-
9-ol (69) 
A mixture of 48 mg (1.3 mmol) of NaBH4 and 0.25 g (1 mmol) of 
54 in 10 mL of isopropyl alcohol was stirred at RT for 12 h in a 25 
mL flask. The solvent was removed and 20 mL of H20 was added to the 
residue. The aqueous mixture was extracted with ether (4 X 30 mL), 
and the organic layers were combined and dried (Na2so4). The ether 
solution was filtered and the solvent was removed to give a pale 
yellow oil. The oil was dissolved in 30 mL of boiling Skelly B 
(bp 60-68°C) and, the solution was allowed to cool to RT. White 
crystals formed and were filtered to give 0.14 g (56%) of 69: 
0 -1 1 mp 99-101 C; IR (KBr) 3240 em (0-H); H NMR (CDCl) o· 2.2-3.25 
(m, 11 H, ring c~2 and C~), 3.55 (s, 2 H, Ar-c~2 ), 3.75 (s, 1 H, 
13 
0-~), 7.25-7.5 (m, 5 H, Ar-~); C NMR (CDC13) ppm 26.54 [C(2,4)], 
33.41 [C(l,5)], 58.22 [C(6,8)], 62.21 (Ar-_g_H2), 70.97 [C(9)], 126.65, 
128.01, 128.42, 138.70 (Ar_g_). Mass spectral m/e, calcd. for 
+ (M ) 249.1187; Found: 249.1209. 
N-Benzyl-7-aza-3-sulfoxidebicyclo[3.3.1]-
nonan-9-one (80) 
A solution of0.90 g (4.2 mmol) of Naro4 in 5 mL of water was 
added to a stirred solution of 0.50 g (2.0 mmol) of 54 in 25 mL of 
69 
methanol in a 50 mL flask under N2 . The resulting mixture was stirred 
at RT for 72 h at which time the solvent was removed to give a white 
solid. The solid was suspended in CHC13 (20 mL) and the insoluble 
material was filtered. Evaporation of the solvent gave a yellow 
solid. Recrystallization (ethyl acetate) gave 0.12 g (23%) of 80: 
0 mp 125-127 C; 1H NMR (CDC13) 0 2.35-3.20 (m, 8 H, ring C!!_2 and C~), 
3.60-3.82 (m, 2 H, ring c~2 and CH), 3.68 (s, 2 H, Ar-c~2 ), 7.2-7.45 
(m, 5 H, Ar-~); 13c NMR (CDC13 ) ppm 47.70 [C(l,5)], 58.06 [C(6.8)], 
59.34 [C(2,4)], 61.27 (Ar-_g_H2), 208.7 [C(9)], 127.6, 128.5, 129.0, 
136.5 (Ar-~). Mass spectral m/e, calcd. for c 14H17No2s: (M+) 
263.0980; Found: 263.0982. 
General Procedure for N-alkyl-7-aza-3-thia-
bicyclo[3.3.l]nonan-9-one (39a) 
70 
A mixture containing 25.9 mmol of an amine, 6.20 g (210 mmol) of 
paraformaldehyde and 90 mL of methyl alcohol in a 250 mL flask equipped 
with a condenser was made acidic with 2.30 g (38 mmol) of gl acetic acid. 
In one portion, 3.00 g (25. 9 mmol) of tetrahydrothiopyran-4-one (53) 
was added to the above mixture. The resulting mixture was heated 
under N2 at reflux for 6-12 h. The solvent was removed from the red 
solution to give a red oil. This oil was diluted with 180 mL of H20 
and extracted with 2 X 40 mL of ether which was discarded. The 
aqueous layer was made basic by the addition of 4.3 g (77 mmol) of 
KOH pellets and extracted with 4 X 75 mL of ether. 
The ether extracts were combined and dried (Na2so4). The above 
solution was filtered, and the solvent was removed to give a yellow 
brown oil or a solid. This oil (or solid) was distilled (or digested) 
in Skelly B (bp 60-68°C). This was followed by decantation of the 
hot solution, evaporation of the solvent, and molecular distillation 
of the crude product in a sublimation apparatus. The details are 
given for each amine. 
N-Phenethyl-7-aza-3-thiabicyclo[3.3.l]nonan-
9-one (55) 
Following the general procedure using 3.1 g (25.9 mmol) of 
phenethylamine and heating for 12 h gave a reddish yellow solid. 
This solid was digested with 200 mL of Skelly B for 10 min. The hot 
Skelly B solution was decanted and allowed to evaporate to give a 
white solid. Distillation in a sublimation apparatus at 100-140°C 
-4 -5 0 (oil bath) 10 -10 mm gave 2.4 g (53%) of 55: mp 87-88 C; IR 
-1 . 1 
(KBr) 1720 em (C=O); H NMR (CDC13) o 2.65-2.85 (m, 8 H, ring C~2 
and CH and Ar-c~2-c~2 ), 3.1-3.26 (m, 6 H, ring c~2 and CH and Ar-
c~2-~2), 7.28 (m, 5 H, Ar-~); 13 c NMR (CDC13) ppm 34.74 (Ar-~H2), 
34.61 [C(2,4)], 47.04 [C(l,5)], 58.25 [C(6,8)], 58.36 [Ar-CH2 -~H2], 
212.8 [C(9)], 125.9, 128.2, 128.4, 139.7 (Ar-~); Mass spectral m/e, 
calcd. for c15H19NOS: (M+) 261.1187; Found: 261.1183. Anal. calcd. 
for c15H19NOS: C, 68.97; H, 7.28; N, 5.36; S, 12.26. Found C, 69.15; 




Following the general procedure using 2.4 g (25.9 mmol) of 
4-methoxybenzylamine and heating for 12 h gave a red solid. Digestion 
with 200 mL of Skelly B, followed by decantation of the hot solution 
and evaporation, gave a yellow solid. Molecular distillation in a 
sublimation apparatus at 140-145°C (oil bath)/10-4 mm gave 2.8 g 
0 -1 (39%) of 56: mp 96-7 C; IR (KBr) 1720 (C=O), 3410 em (C=O overtone); 
~ NMR (CDC13) o 2.6-3.25 (m, 10 H, ring c~2 and C~), 3.5 (s, 2 H, 
ArC~2 ), 3.78 (s, 3 H, Ar-OC~3 ); 13c NMR (CDC13) ppm 34.64 [C(2,4)], 
47.01 [C(l,5)], 55.12 (~H3-o ), 58.16 [C(6,8)], 60.61 (Ar-~H2 ), 
212.96 [C(9)], 113.57, 129.71, 129.97, 158.63 (Ar-~); 15N NMR (CDC13) 




Following the general procedure using 4.7 g (25.9 mmol) of 3,4-
dimethoxyphenethylamine and heating for 12 h gave a red oil. Dis-
tillation through a 3 inch column at 180-190°C -4 (head temp.)/10 mm 
gave a yellow oil. This oil was distilled and then dissolved in 20 
mL of 95% ethanol, and the solution was placed in a freezer at -5°C 
for 48 h. The solid that crystallized was filtered off and recrystal-
lization (ethanol) gave 0.7 g (8.4%) of 59: 
0 
mp 80.5-81 C; IR (KBr) 
1725 cm-l (C=O); 1H NMR (CDC13) o 2.7-2.95 (m, 8 H, ring c~2 , CHand 
Arc~2-c~2 ), 3.1-3.3 (m, 6 H, ring c~2 , C~) and Arc~2), 3.85 (s, 6 H, 
13 
ortho and para c~3-o), 6.85 (s, 3 H, Ar~); C NMR (CDC1 3) ppm 33.28 
72 
(Ar-_g_H2), 34.62 [C(2,4)], 46.~6 [C(l,5)], 55.68 (CH3-o), 55.75 (CH3-0), 
58.34 [C(6,8)], 58.43 (Ar-CH2-_g_H2), 212.74 [C(9)], 111.13, 111.88, 
120.32, 132.46, 147.11, 148.54 (Ar-_f); Mass spectral m/e, calcd. for 
+ (M ) 321.1399; Found: 321.1408. 
N-4-Methoxyphenethyl-7-aza-3-thiabicyclo-
[3.3.l]nonan-9-one (57) 
Following the general procedure using 3.9 g (25.9 mmol) of 4-
methoxyphenethylamine and heating for 12 h gave a yellow oil. The 
oil was distilled through a 3 inch column at 180-200°C (head temp.)/-
10-2-lo-5 mm. The clear oil obtained was dissolved in 20 mL of 
ethanol (95%), and the solution was placed in a freezer (-5°C) 
overnight. The white solid that crystallized was filtered off and 
gave 1.6 g (21%) of 57: 
0 -1 
mp 79-80 C; IR (KBr) 1725 em (C=O); 
1H NMR (CDC13) o 2.6-2.9 (m, 8 H, ring c~2 , C~ and Ar-c~2-c~2 ), 
3.1-3.2 (m, 6 H, ring c~2 , C~ and Ar-c~2-c~2 ), 3.75 (s, 3 H, C~3-o), 
13 
6.75-7.2 (q, 4 H, Ar-~); C NMR (CDC13) ppm 32.88 (Ar-~H2 ), 34.69 
[C(2,4)J, 47.07 [C(l,5)], 55.5 (~H3-o), 58.42 [C(6,8)], 58.56 
(Ar-CH2-~H2 ), 212.75 [C(9)J, 113.68, 129.32, 131.78, 157.78 (Ar-~); 




Following the general procedure using 4.40 g (26.5 mmol) of 
3,4-dimethoxybenzylamine and heating for 12 h gave an orange oil. 
Distillation of the oil through a 3 inch column at 185-200°C (head 
-4 -5 
temp.)/10 -10 mm gave a clear oil which was dissolved in 15 mL 
of 95% ethanol. The resulting solution was placed in a freezer 
(-5°C) overnight. The white solid that crystallized was filtered 
off and dried at RT and 1 mm for 1 h. This procedure gave 0.53 g 
0 -1 1 
(6.5%) of 58: mp 81-83 C; IR (KBr) 1725 em (C=O); H NMR (CDC13) 
o 2.70-2.84 (m, 4 H, ring c~2 and C~), 3.09-3.25 (m, 6 H, ring c~2 
and C~), 3.54 (s, 2 H, ArC~2 ), 3.90 (S, 3 H, c~3-o), 3.92 (s, 3 H, 
13 
C~3o), 6.8-7.0 (m, 3 H, Ar-~); C NMR (CDC13) ppm 34.84 [C(2,4)J, 
47.01 [C(l,5)J, 57.77 (ortho and para ~H3-o), 58.11 [C(6,8)], 60.90 
[C(l')J, 212.76 [C(9)], 110.77, 111.62, 120.61, 130.64, 148.01, 
148.77 (Ar-~); Mass spectral m/e, calcd. for c16H21No3s: (M+) 




A mixture of 0.45 g (5.8 mmol) of ammonium acetate, 1.23 g (11.6 
mmol) of benzaldehyde, and 1.00 g (5.8 mmol) of 2,2,6,6-tetramethyl-
22 
thiapyran-4-one (48) in 10 mL of 95% ethanol was heated at reflux 
for 48 h under N2 in a 25 mL flask. A white precipitate formed upon 
cooking to RT, and 0.5 mL of ether was added to the mixture which 
was then placed in the freezer (-10°C) for 1 h. The precipitated 
white solid was filtered and washed with 2 mL of ether. Recrystalli-
zation (95% ethanol) gave 0.53 g (25%) of 49: 
3325 (N-H), 1750 cm-l (C=O); 1H NMR (CDC13) o 
0 mp 253-254 C; IR (KBr) 
1. 25 (s, 6 H, C!.!_3a), 
74 
1.45 (s, 6 H, C!!_3e), 1.6 (s, 1 H, N!!_), 2.6 [d, 2 H, J=5 Hz, H(6), 
13 
H(8)] 7.2-7.5 (m, 10 H, Ar-~); C NMR (CDC13) ppm 28.66 (~H3a), 32.45 
(~H3e)' 50.45 [C(2,4)], 62.94 [C(6,8)], 64.40 [C(l,S)], 211.47 [C(9)], 
15 127.53, 127.69, 128.45, 144.47 (Ar-~); N NMR (CDC13) 67.87 ppm; 
Mass spectral m/e, calcd. for c23n27NOS: 




To a solution of 10 mL of triethylene glycol and 2.00 g (59.4mmol) 
of hydrazine (95%) in a 25 mL flask equipped with a condenser, which 
had a fractional take off below the water jacket, was added 0.50 g 
(2.0 mmol) of~~· Then, 3.50 g (62.5 mmol) of KOH pellets were added, 
and the resulting mixture was heated to 145-155°C (oil bath) under N2 
with stirring fo.r 4 h. During this time, 1.5 mL of distillate was 
removed by way of the fractional take off. The solution was cooled 
to RT, diluted with 30 mL of H20, and extracted with 3 X 30 mL of 
ether. The organic layers were combined and dried (Na2so4). The 
solution was then filtered and cooled. To the cooled solution, 2 mL 
of HCl04 (60%) was added slowly. A white solid separated and was 
filtered and washed with 50 mL of fresh dry ether. Recrystallization 
0 (95% ethanol) gave 0.55 (82%) of 62: mp 155-156 C; IR (KBr) 3400 
-1 - 1 
(NH), 1100 em (Cl04 ); H NMR (DMS0-~6 ) 8 1.6-3.1 (m, 12 H, ring 
13 
c~2 and C~), 4.27 (d, 2 H, c6H5-c~2 ), 7.5 (m, 5 H, Ar~); C NMR 
(DMSO-~) ppm 24.90 [C(l,5)], 27.67 [C(9)], 29.89 [C(2,4)], 58.54 
[C(6,8)], 63.18 [C(l')J, 126.4, 127.8, 128.4, 139.0 (Ar-~); 15N NMR 
75 
(DMSO-~) 54.16 ppm; Mass spectral m/e, calcd. for c14H19NS•HClo4 : 
(M+-HClo4) 233.1238; Found: 233.1228. Anal. calcd. for c14H19NS•HC10d 
C, 50.37; H, 6.00; N, 4.19; S, 9.60. Found: C, 49.99; H, 6.07; N, 
4.13; s, 9.68. 
N-Phenethyl-7-aza-3-thiabicyclo[3.3.1]-
nonane Hydroperchlorate (63) 
To a solution of 10 mL of triethylene glycol and 2 g (59.4 mmol) 
of hydrazine (95%) in a 25 mL flask equipped with a condenser, which 
had a fractional take off below the water jacket, was added 0.5 g 
(1.9 mmol) of 55. Then, 3.5 g (62.5 mmol) of KOH pellets were added, 
and the resulting mixture was heated to 150-155°C (oil bath) under N2 
with magnetic stirring for 4 h. During this time, 1.5 mL of distillate 
was removed by way of the fractional take off. The solution was 
cooled to RT, diluted with 30 mL of H20 and extracted with ether 
(3 X 30 mL). The organic layers were combined and dried (Na2so4). 
The solution was then filtered and cooled (ice bath). To the cooled 
solution, 2 mL of HClo4 (60%) was added slowly. A white solid 
separated and was filtered and washed with 50 mL of fresh dry ether. 
Recrystallization (95% ethanol) gave 0.3 g (45%) of 63: mp 255-258°C; 
-1 - 1 
IR (KBr) 3420 (N-H), 1600, (Ar, C=C), 1100 em (Cl04 ); H NMR 
(DMSO-i6) 8 1.85 [s, 2 H, H(9)], 2.25-3.5 (m, 12 H, ring C!!_2), C!!_ 
·and Ar-CH2), 3.85 (d, 2 H, Ar-CH2-c~2 ), 7.33 (s, 5 H, Ar-!!_), 9.0 
13 
(s, l H, N-!!_); C NMR (DMSO-i6) ppm 25.71 [C(l,S)], 28.28 [C(9)], 
29.88 (Ar-~H2-cH2 ), 30.64 [C(2,4)], 56.38 [C(6,8)], 59.03 (Ar-CH2-
~H2), 126.67, 128.46, 136.33 (Ar-~); Mass spectral m/e, calcd. for 
+ c15H19NS•HC104 : (M -HC104) 245.1238; Found: 245.1125. 
N-4-Methoxybenzyl-7-aza-3-thiabicyclo-
[3.3.l]nonane Hydroperchlorate (64) 
To a solution of 10 mL of triethylene glycol and 2 g (59.4 mmol) 
of hydrazine (95%) in a 25 mL flask equipped with a condenser which 
had a fractional take off below the water jacket was added 0.5 g (1.8 
mmol) of 56. Then, 3.5 g (62.5 mmol) of KOH pellets were added and 
the resulting mixture was heated to 155-l60°C (oil bath) under N2 
with magnetic stirring for 4 h. During this time, 1.5 mL of dis-
tillate was removed by way of the fractional take off. The solution 
was cooled to RT, diluted with 30 mL of H20, and extracted with 
ether (3 X 30 mL). The organic layers were combined and dried 
(Na2so4). The solution was then filtered and cooled (ice bath). 
To the cooled solution, 2 mL of HC104 (60%) was added slowly. 
A white solid separated and was filtered and washed with 50 mL of 
fresh dry ether. Recrystallization (95% ethanol) gave 0.4 g (85%) 
76 
of 64: 
0 -1 - 1 
mp 201-202 C; IR (KBr) 3450 (N-H), 1100 em (Cl04 ); H NMR 
(DMSO-i6) o 1.80-3.60 (m, 12 H, ring c~2 and C~), 3.80 (s, 3 H, 
C~3-o ), 4.21 (s, 2 H, Ar-c~2 ), 7.08 (d, 2 H, J= 9Hz, Ar-~), 7.52 
(d, 2 H, J= 9Hz, Ar-~), 9.1 (s, 1 H, N-~); 13c NMR (DMS0-~6 ) ppm 
25.83 [C(l,S)], 28.60 [C(9)], 30.7S [C(2,4)], 55.12 (CH3-o), 56.21 
[C(6,8)], 60.40 (Ar-C!!_2), 114.30, 121.54, 131.84, 159.83 (Ar-_g_). 
Anal. calcd. for c15H21NOS•HC104 : C, 49.52; H, 6.05. Found: C, 
50.11; H, 6.23. 
N-3,4-Dimethoxyphenethyl-7-aza-3-thiabicyclo-
[3.3.l]nonane Hydroperchlorate (65) 
77 
To a solution of 10 mL of triethylene glycol and 2.0 g (59.4 mmol) 
of hydrazine (95%) in a 25 mL flask equipped with a condenser, which 
had a fractional take off below the water jacket, was added 0.50 g 
(1.6 nunol) of 59. Then, 3.50 g (62.5 nunol) of KOH pellets were added, 
and the resulting mixture was heated to 145-155°C (oil bath) under 
N2 with magnetic stirring for 4 h. During this time, 1.5 mL of 
distillate was removed by way of the fractional take off. The solu-
tion was cooled to RT, diluted with 30 mL of H20, and extracted with 
ether (3 X 30 mL). The organic layers were combined and dried (Na2so4). 
The solution was then filtered and cooled (ice bath). The the cooled 
solution, 2 mL of HCl04 (60%) was added slowly. An oil separated and 
the mixture was placed in the freezer (-5°C) overnight during which 
time crystals formed. The solid was filtered and washed with dry 
ether (50 mL) to give 0.15 g (24%) of 65: 0 mp 161-162 C; IR (KBr) 
3400 (N-H), 1100 cm-l (Clo4-); 
1H NMR (DMS0-~6 ) o 1.7-3.5 (m, 16 H, 
ring c~2 , CHand Ar-c~2-c~2 ), 3.74 (s, 3 H, ortho or para c~3-o), 3. 78 
13 (s, 3 H, ortho or para c~3-o), 6.9 (m, 3 H, Ar-~); C NMR (DMSO-~) 
ppm 25.79 [C(l,5)], 28.39 [C(9)], 29.54 (Ar-_QH2-), 30.74 [C(2,4)], 
55.39 (_g_H3-o), 56.50 fC(6,8)], 59.30 (ArCH2-_g_H 2), 112.11, 112.44, 
120.55, 128.51, 147.66, 148.73 (Ar-_g_). Anal. calcd. for c17H26No 2s· 
HC104 : C, 50.06; H, 6.38. Found: C, 49.91; H, 6.49. 
2,4,6,8-Tetraphenyl-7-aza-3-thiabi-
cyclo[3.3.l]nonane (66) 
To a solution of 4 mL of triethylene glycol and 1.0 g (29.7 mmol) 
of hydrazine (95%) in a 15 mL flask equipped with a condenser, which 
had a fractional take off below the water jacket, was added 0.15 g 
(0.3 mmcil) of 38.. Then, 1.5 g (26.8 mmol) of KOH pellets were added, 
and the resulting mixture was heated to 150-155°C (oil bath) under 
N2 with magnetic stirring for 4 h. During this time, 0.5 mL of dis-
tillate was removed by way of the fractional take off. The solution 
was cooled to RT and diluted with 30 mL of H2o. A white solid 
separated and was filtered and washed with 50 mL of H2o. Recrys-
tallization (95% ethanol) gave 0.11 g (74%) of 66: mp 255-256°C; 
IR (KBr) ~ NMR (CDC13) o 1.29 (s, 1 H, N!!_), 1. 70 [D of t, d, J = 12 
Hz, t, J =3Hz, 1 H, H(9)], 2.50 [s, 2 H, H(l), H(S)], 2.94 [d of t, 
d, J=l2 Hz, T, J=S Hz, 1 H, H(9)], 4.35 [d, 2 H, J=4 Hz, H(2), 
H(4)], 4.50 [d, 2 H, J =3Hz, H(6), H(8)], 6.6-7.5 (m, 20 H, Ar.!:!); 
13c NMR (CDC13) ppm 30.40 [C(9)], 41.87 [C(2,4)], 51.91 [C(6,8)], 
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56.23 [C(l,S)], 126.38, 127.16, 127.87, 127.93, 128.04, 128.30, 140.33, 
147.71 (Ar-~); Mass spectral m/e, calcd. for c31H29 NS: (M+) 447.2021; 
Found: 447.1998. 
N-Benzyl-9-phenyl-7-aza-3-thiabicyclo[3.3.1]-
nonan-9-ol Hydroperchlorate (73a) 
An ether solution of phenylmagnesium bromide was prepared from 
0.94 g (0.006 mmol) of bromobenzene, 0.20 g (0.0084 g at) of Mg and 
40 mL of dry ether in a 100 mL flask. To the above Grignard reagent 
was added 0.50 g (0.002 mol) of 54 in 25 mL of dry ether over a 15 
min period. The resulting mixture was stirred at RT for 1 h. The 
reaction mixture was cooled (ice bath), and 20 mL of 9 M H2so4 was 
added with stirring. After 1 h, the aqueous layer was separated and 
cooled (ice bath). The cold solution was made basic by the addition 
of 1 g (18 mol) of KOH pellets followed by dilution with 100 mL of 
H2o. The aqueous mixture was extracted with ether (3 X 20 mL). The 
organic extracts were combined and dried (KOH). The solution was 
filtered, and HC104 (60%) was added dropwise with stirring. The 
white precipitate which resulted was filtered and washed with ether 
(50 mL). Recrystallization (twice from ethanol) gave 1.37 g (81%) 
0 -1 
of 17; mp 249-250 C; IR (KBr) 3490 (0-H and N-H), 1100 em (Cl04); 
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1H NMR (DMS0-~6 ) o 1.5-3.15 (m, 10 H, ring c~2 and C~), 3.3 (s, 2 H, 
Ar-C~2 ), 3.6 (s, 1 H, 0-~), 7.2-7.45 (m, 10 H, Ar~); 13c NMR (DMSO-~) 
ppm 27.3 [C(2,4)], 33.4 [C(l,5)], 55.1 [C(6,8)], 59.6 (Ar-~H2 ), 67.42 
[C(9)], 125.2, 127.8, 128.7, 128.9, 129.4, 129.9, 130.1, 141.8 (Ar-~); 
15N NMR (DMSO-~) 54.38 ppm; Anal. calcd. for c20H23NOS•HC104 :c, 56.40; 
H, 5.64; N, 3.29; S, 7.52; Cl, 8.34. Found: C, 56.53; H, 5.70; N, 
3.27; S, 7.65; Cl, 8.70. 
N-Phenethyl-9-phenyl-7-aza-3-thiabicyclo-
[3.3.l]nonan-9-ol (75) 
A solution of phenylmagnesium chloride (1.9 mL, 2M in THF) was 
added dropwise to a stirred solution of 0.5 g (1.9 mmol) of 55 in 35 
mL of dry ether in a 100 mL flask. The resulting mixture was stirred 
at RT for 12 h under N2 . A saturated NH4Cl (2 mL) solution was 
slowly added to the mixture followed by stirring for 1 h. The ether 
solution was decanted from the white precipitate, and the precipitate 
was washed with ether (3 X 15 mL). The ether solutions were combined 
and dried (KOH). The solution was filtered, and the ether was evap-
80 
orated to give a white solid. Recrystallization (Skelly B, bp 60-68°C) 
gave 0.5 g (62%) of 75: 
0 -1 1 mp 110-111 C; IR (KBr) 3420 em (0-H); H 
NMR (CDC13) o 2.2-2.9 (m, 11 H, OH ring, C~2 , CHand Ar-c~2 ), 2.95-3.1 
(m, 2 H, ring c~2 and C!!_), 3.65-3.85 (m, 2 H, Ar-CH2 -c~2 ), 7.05-7.5 
(m, 10 H, ArH); 
13 C NMR (CDC13) ppm 29.33 [C ( 2 , 4) ] , 33.38 (Ar-_g_H2), 
35.33 [C(l,5) l, 56.23 (Ar-CH2-_g_H2), 59.87 [C(6,8)l, 71.46 [C(9)l, 
125.36, 125.53, 127.55, 127.95, 128.45, 140.47, 143.92 (Ar_g_); Mass 
+ spectral m/e, calcd. for c21H25NOS: (M) 339.1657; Found: 339.1651. 
N-4-Methoxybenzyl-9-phenyl-7-aza-3-thia-
bicyclo[3.3.l]nonan-9-ol (76) 
A solution of phenylmagnesium chloride (1.8 mL, 2M in THF) was 
added dropwise to a stirred solution of 0. SO g (1. 8 mmol) of 56 in 35 
mL of dry ether in a 100 mL flask. The resulting mixture was stirred 
at RT for 12 h under N2 . Saturated aqueous NH4Cl (2 mL) was slowly 
added to the mixture followed by stirring for 1 h. The ether solution 
was decanted from the white precipitate, and the precipitate was 
washed with ether (3 X 15 mL). The ether solutions were combined 
and dried (KOH). The solution was filtered, and the ether was evap-
orated to give a white solid. Recrystallization (95% ethanol) gave 
0.42 g (66%) of 76: 
0 -1 1 
mp 131-132 C; IR (KBr) 3400 em (0-H); H NMR 
(CDC13) 6 1.5-3.0 (m, 11 H, 0-H, ring c~2 and C~), 3.25 (s, 2 H, 
13 
Ar-~2 ), 3.8 (s, 3 H, C~3-o), 6.75-7.6 (m, 10 H, Ar~); C NMR 
(CDC13) ppm 29.27 [C(2,4)], 35.66 [C(l,S)], 55.07 (~H30), 55.47 
[C(6,8)], 61.45 (Ar-~H2 ), 71.43 [C(9)], 113.28, 125.24, 127.43, 
128.46, 129.27, 131.08, 144.50, 158.10 (Ar~); Mass spectral m/e, 
+ + calcd. for c21H25No2s: (M ) 355.1606; Found: M not observed; 
+ calcd. for c13H16No2s: (M -c8H90) 234.0953; Found: 234.0933; 
+ calcd. for c8H9o: (M -c 13H16NOS) 121.0653; Found: 121.0665. 
N-4-Methoxyphenethyl-9-phenyl-7-aza-3-thia-
bicyclo[3.3.l]nonan-9-ol (77) 
A solution of phenylmagnesium chloride (1.4 mL, 2 M in THF) 
was added dropwise to a stirred solution of 0.40 g (1.4 mmol) of 57 
in 35 mL of dry ether in a 100 mL flask. The resulting mixture was 
stirred at RT for 12 h under N2 . A saturated NH4Cl solution (2 mL) 
was slowly added to the mixture followed by stirring for 1 h. The 
ether solution was decanted from the white precipitate and the pre-
cipitate was washed with ether (3 X 15 mL). The ether solutions 
were combined and dried (KOH). The solution was filtered, and the 
ether was evaporated to give a white solid. Recrystallization (95% 
0 -1 ethanol) gave 0.37 g (72%) of 77: mp 133-134 C; IR (KBr) 3400 em 
(OH); 1H NMR (CDC13) 6 1.5-3.2 (m, 15 H, 0~, ring C~2 , C~, Ar-c~2 CH2 ), 
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3.8 (s, 3 H, Cli3-0), 6.75-7.6 (m, 10 H, Arli); C NMR (CDC13) 
ppm 29.30 [C(2,4)], 32.42 (ArCH2-~H2 ), 35.75 [C(l,S)J, 55.04 (~H3-o), 
56.24 (Ar-~H2 ), 60.12 [C(6,8)], 71.41 [C(9)], 113.40, 125.34, 127.50, 
128.46, 129.31, 132.57, 143.92, 157.41 (Ar~); Mass spectral m/e, 
+ + calcd. for c22H27No2s: (M ) 369.1762; Found: M not observed; 
+ calcd. for c14H18NOS: (M -c8H90) 248.1109; Found: 248.1109; calcd. 
+ for c8H90: (M -c14H18NOS) 121.0653; Found: 121.0653. 
N-Benzyl-9-methyl-7-aza-3-thiabicyclo-
[3.3.l]nonan-9-ol (71) 
A solution of methylmagnesium chloride (2 mL, 3 M in THF) was 
added dropwise to a stirred solution of 0.5 g (2.0 mmol) of 54 in 
35 mL of dry ether in a 100 mL flask. The resulting mixture was 
stirred at RT for 12 h under N2 . Saturated aqueous NH4Cl (2 mL) was 
slowly added to the mixture followed by stirring for 1 h. The ether 
solution was decanted from the white precipitate, and the precipitate 
was washed with ether (3 X 15 mL). The ether solutions were combined 
and dried (Na2so4). The solution was filtered, and the ether was 
evaporated to give a white solid. Recrystallization (Skelly B, bp 
0 0 -1 60-68 C) gave 0.2 g (38%) of 71: mp 126-127 C; IR (KBr) 3410 em 
1 . (0-H); HNMR (CDC13) 61.4 (s, 3 H, C!!_3), 1.8-3.5 (m, lOH, rmg C_!!2 
13 and Cli), 3.6 (s, 2 H, Ar-C_!!2), 7.2-7.5 (m, 5 H, Ar!!_); C NMR (CDC13) 
ppm 27.72 (~H3 ), 28.95 [C(2,4)], 38.67 [C(l,S)], 56.58 [C(6,8)], 
62.36 (Ar-~H2 ), 69.09 [C(9)], 126.68, 128.11, 128.45, 138.64 (Ar-~); 
Mass spectral m/e, calcd. for c15H21NOS: 
263.1345. 
+ (M ) 263.1344; Found: 
82 
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Attempted Preparation of 6,8-Diphenyl-7-
benzyl-7-aza-3-thiabicyclo [3. 3.1]-
nonan-9-one (50a) 
Method I. A mixture of 1.00 g (8.6 mmol) of ketone 53, 1.82 g 
(17.2 mmol) of benzaldehyde 0.52 g (8.6 mmol) of acetic acid and 0.92 g 
(8.6 mmol) of benzylamine in 50 mL of 95% ethanol was heated at 60°C 
for 24 h. Upon cooling (ice bath), a yellow solid precipitated 1.4 g, 
mp. 149-152°C, which was identified by mixture melting point as the 
dienone 51. 
Method II. A mixture of 51 (1.0 g/3.4 rnmol) and 0.36 g (3.4 mmol) 
of benzylamine in 20 mL of 95% ethanol was heated at reflux for 24 h. 
0 Upon cooling (ice bath), a brown solid precipitated 0.8 g, mp. 144-149 C. 
The major component was identified as 51 by mixture melting point. 
Attempted Preparation of 6,8-Diphenyl-3,7-
dithiabicyclo[3.3.l]nonan-9-one (52) 
Into a solution of 1.0 g (3.4 rnmol) of dienone 51 and 0.3 g 
(3.4 rnmol) of sodium acetate in 95% ethanol (25 mL) was passed H2s 
(gas), and the solution was heated at reflux for 2 h. After 1 h, a 
white solid was filtered (0.7 g). The solid did not melt but softened 
at 110°-180°C. The 1H NMR showed only to very broad signals centered 
at about 8 3.0 and 6.9. 
Attempted Preparation of N-Benzyl-3-phenyl-7-
aza-3-phosphabicyclo[J.J.l]nonan-9-one (91) 
Method I. A mixture of 90 [0.5 g (2.6 rnmol)], paraformaldehyde 
(0.63 g, 21 mmol), acetic acid (0.16 g, 2.6 mmol) and benzylamine 
(0.28 g, 2.6 mmol) in methanol (20 mL) was heated at reflux for 4 h. 
During this time, a red solid formed in the flask. The solvent was 
removed and the solid was found to have very limited solubility in 
chloroform. 13c NMR analysis did not show any of the desired product 
to be present but had signals in the region for alipatic and aromatic 
carbons. 
Method II. The procedure was the same as above but 0.32 (5.2 
mmol) of acetic acid was used. A red solid was obtained and 13c NMR 
analysis did not show any of the desired product to be present. 
Attempted Preparation of 2,2,4,4-Tetramethyl-
3,6,8-triphenyl-7-aza-3-phosphabicyclo-
[3.3.l]nonan-9-one (93) 
A mixture of phosphorinanone 92 (0.65 g, 2.6 mrnol), benzaldehyde 
(0.55 g, 5.2 mmol), and ammonium acetate (0.2 g, 2.6 mmol) in 20 rnL 
of 95% ethanol was heated at 60°C for 4 h. The solution was cooled 
to RT, and the solvent removed to give a red solid. 13c NMR analysis 
did not show any of the desired product to be present but head signals 
in the region for aliphatic and aromatic carbons. 
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. 2H ; DS/ST. 
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DC. : Gated Off. : Offset. Hz~ RF. W/dH; 
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13 C NMR Spectrum of ~ 
PFT X CW . Solvent. . CDC13 . so . . 35101Hz; PW. • 5ooo Hz; T. . 30 °C; Acq/SA. .440 • ' 
Size. . 8 K; P2/RF. . 10 J.IS/dB; SF. . 25.2 Hz; FB. . Hz; Lock. • 2H ; D5/ST. . 5 s 
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1 H NMR Spectrum of 41 
""~' 
PFT CH ~; Solvent. CDC13 ; so. . 85771 Hz; P\.J. 1000 Hz; T. . 30 °C; 
Size. . K; P2 /RI". . 60 ~s/dB; SF. . 100.1 Hz; FB. . 2 Hz; Lock. . 2H ; 
DC. : Gated Off. . : Offset. . Hz; RF. . H/dB; NBH. 
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13 C NMR Spectrum of 41 
NW 
PFT .X CW _ ; Solvent. . CDC13 ; so. . 35101 Hz; PW. .5000 Hz; T. . 30 °C; Acq/SA. . 440 
Size. • 8 K; P2/RF. . 10 (JS/dB; SF. . 25.2 Hz; FB. . Hz; Lock . . 2H . D5/ST. . 5 ' 
1 




ppm 1 BO 160 140 
Tll--:-:-;. 
~4000] 
· l2o'oo• • • 
~~~~~~~~~ ~~~~~~~ ., ' 
:_jBO 0 
so'o 1400 +-'-'-'-f'-'-'+-'-1--+-
.. ·rtt=· __ ... •. • • ... j 1-rT:--1:::~ !: : I • ·~· HW"'-c-+~--_,, · · · ; ;.;.: .cc;.c _......_ · · · · · · .cT_c 7 .c -:t·.,..,.,.-t:-:-:-:-t 
;;-- . . • • •~ • • •. -... I T : 
PFT _x CW _ ; Solvent. • CDC13 ; 
Size. . 8 K; P2/RF. . 10 ]Js/dB; 
PLATE VI 
120 10 0 BO 60 40 20 0 13c 
0 
13 C NMR Spectrum of 42 
. IVW 
so. . 35101 Hz; PW. .5000 Hz; T • . 30 °C; Acq/SA. • 440 
SF. . 25.2 Hz; FB. . Hz; Lock . . 2H ; D5/ST. . 5 s 
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1 H NMR Spectrum of 54 
MN 
CW X ; Solvent. . CDC1 3 ; so. 85771 Hz; PW . .1000 Hz; 
K; P2/RF. . 58 ]ls/dB; SF. . 100.1 Hz; FB. . 2 Hz; 
: Gated Off. . : Offset. Hz; RF. W/dB; 
'+0 20 o 13c 
2 1 ~ lH 
T. . 30 °C; Acq/SA. . 





ppm 180 160 lifO 120 100 80 60 40 20 0 13c 
H't _-





\J~ f-liT' ______ --- - -1-------- --r---,-~~r--t@_,_, __ --- -----_,_ -_ --,_-_ --------! - -__ ----~-c--~_-·-----c--"'-,--,-c-!-''--t~---q -,- :_:' '''' '" ••I•-._ -- -, :::::=;-:l=p~: •·-~.:: ::::: "'F:- •r_ 
: ::~- :_1::_:_: __ :. ·-_: :.::~_:_- ~-~~~ :___:~~::_ ::i=_;==·:_:_·:-:.:i£:.:i .. ~L;.! ~!~:-
;_--f--:-:::.L_: !-----1-'-+-...... ----j~----
--- --·---·- ---------~f·~-1-,L--·t·~.~~-j--- --'---l···~t~r··- '- -j·< • r•~1~~~::~1~ft-f-I+T -ITfi•-' -_--:r•-Bs_t~;il~'sl-.:·r~l:lt~~·--!1 -- '·- ·I i ---- - -_ --- - t -:t I _,_ --~----- ----- ------~--- --} -~ --!+,,.,, -,e 
· 1 · :: · · · . I ... ::::· ;.; : ::::1::: ... :·~--:1::.::· :·:::1_:··: :~:: .::.:.: .. :·:: .:-::·::·_:·:_·::_:_::_:__:I_::::··:=.::.:·:·:.:.:_ •-----·---l-------
!-'---:-1--•--l--'-~ i i ..... 
i 
___ • ___ J_ ____ ,___ I /j : _
1 
__ _._ __ 1 :,_L_~1•;rn1-" -_nlsnsnm1-_ E-lTIEit!tHHt•~-Eu1 ~f_;rr~~u~: 1 •--• ~~uh=tl~i~ ++-' 11 · lrct;::E! -_ · ... - J :; J[TTJ :!I]S:FJIH'-1·-~ ]'.: ==~~~~:C::j:c:: EFTJTR ·1--··-t·~--.i 
(; :I; ; ; 
_:_;_:__:_!~~ t~:L~-+ :-f::l-·1- F---
- 1-:''1''-'1 . 'l'" ·'•!· . . " . ~ " . 0W::-fWt-t~t 1· 1 ·1 · I 'Ji ::. 
.;.alilJ.i:- ,;,U.;.:.:,:LL:.;,j' · 
'~~~+-~~~~--~+-4-~~~· 
13 C NMR Spectrum of ~ 
PFT X CW . Solvent. • CDC1 3 . so. 35101 Hz; PW. .1000 Hz; T • 30 °C; Acq/SA. . 440 . ' . . 
Size. . 8 K; P2/RF. . 10 l-IS/dB; SF. . 25.2 Hz; FB. . Hz; Lock. • 2H . D5/ST. . 5 s ' 













































:~ ~===::I:::=:I::==±=I ===i==:::I:::::::::=I:====:c::~~=::::::::::c::~:::c::::=t~~~=::::::::I:==:±d 
PFT CW _! ; Solvent. 
Size. K; P2/RF. . 
DC. • Gated Off. 
1 
H NMR Spectrum of ~ 
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13 C NMR Spectrum of 62 
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1 H NMR Spectrum of 73a 
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Size. . K; P2/RF. 59 J.ls/dB; SF. . 100.1 Hz; FB. . 2 Hz; Lock. • 2H . D5/ST. • 250 s ' f-' w 
DC. . : Gated Off. . : Offset. . Hz; RF. W/dB; NBW. . Hz 0\ 
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13 C NMR Spectrum of 73a 
IW\II. 
PFT X CW : Solvent. . DMSO-E_6 ; so. . 35201 Hz; PW. . 5000 Hz; T . . .30 °C; Acq/SA. . 440 
Size. . 8 K; P2/RF. . 10 lJS/dB; SF. . 25.2 Hz; FB. . Hz; Lock. . 2H ; D5/ST . . 5 s 
. lH Offset. 9 W/dB; 
...... 
DC. : Gated Off. . ; . 45051 Hz: RF. . NBW. Hz w -...J 
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1 H NMR Spectrum of 75 
~ 
PFT CW X ; Solvent. . CDC13 ; so. . 85771 Hz; PH. . 1000 Hz; T. . 30 oc; Acq/SA. . ·~ 
Size. K; P2/RF. . 64 lJS/dB; sr. . 100.1 Hz; FB. 2 Hz; Lock. . 2H ; D5/ST. . 250 
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13 C NMR Spectrum of 75 
1\NV 
PFT X Ch' : Solvent. . CDC13 ; so. .35101 Hz; PH. .1000 Hz; T. 30 °C; Acq/SA. . 440 
Size. 8 K; P2/RF. 10 )Js/dB; SF. 25.2 Hz; FB. . Hz; Lock. . 2H ; D5/ST. . 5 s 
1H : 
1-' 
DC. Gated Off. Offset. . 45051 Hz; RF. 9 W/dB; NBW. Hz 
~ . : 0 
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